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POLYNUCLEAR AROMATIC HYDROCARBONS. PART III. A NEW 
ROUTE TO CHRYSENE DERIVATIVES 


By V. S. Gatnp, M. L. VASHISHT AND S. M. MuKHERJ1 


A convenient route to chrysene derivatives has been developed on the basis of cationoid reaction 
between aromatic substances and 3-unsaturated ketones, and the synthesis of 2-methyl- and 2:5-dime- 
thylchrysene by this route is described. 


Iu earlier communications (Mukherji et al., J. Org. Chem., 1952, 117, 1202; 1953, 
18, 1499; 1054, 19, 328; Nature, 1951, 168, 1003; Science & Culiure, 1952, 18, 152) 
it was shown how aluminium chloride-catalysed cationoid reaction between aromatic 
substances and y5-unsaturated ketones, esters and amides could be wielded to furnish 
convenient routes to naphthalene, phenanthrene, 3 : 4-benzphenanthrene, polyphenyl and 
isoquinoline systems. Recently, we also reported (this Journal, 1955, 82, 697) a success- 
ful extension of this method to the synthesis of anthracene and 1 :2-benzanthracene 
derivatives. Phillips and McWhorter (J. Amer. Chem. Soc., 1954, 16, 4948) have applied 
our method to the synthesis of methylchrysene and Diel’s hydrocarbon by variation 
of the aromatic component. We now describe the experiments undertaken to extend 
the scope of this method to the synthesis of chrysene systems, by varying the ketonic 
component in the cationoid reaction. 


The starting material, 8-tetralone, was best prepared by following the conditions of 
Birch (J. Chem. Soc., 1944, 430) for reduction of 8-naphthol. Monoallylation of f- 
tetralone was smoothly effected in 61% yield by its reaction with sodamide, followed by 
allyl iodide. But the ketone (I) failed to provide any solid 2 :4-dinitrophenylliydrazone 
or semicarbazone, although it analysed well for the required composition. It rapidly 
developed coloration on exposure to air and sunlight. 


The Friedel-Crafts alkylation of benzene with 1-allyl-2-tetralone under the conditions 
laid down by Mukherji and Bhattacharyya (J. Org. Chem., 1952, 17, 1202) furnished 
1-(8-methyl-8-phenylethylj-2-tetralone (IIa) in 56% yield. This ketone was reduced 
(Ponndorf) in an excellent yieid to the corresponding alcohol (IIIa) which was cyclised 
with concentrated sulphuric acid to obtain a product, which may be represented as 
(IVa) and/or (Va), the corresponding spiran. 
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[a: R= H; b: R = Me] 


The possible formation of a spiran, such as (Va), could be rationalised by a consider- 
ation of the low nucleophilicity of the aromatic system which allows the reaction to 


proceed in a non-concerted manner (J. Amer. Chem. Soc., 1955, 77, 5068) with the. 


intermediate formation of the better initiating carbonium ion (VIIa), because on energe- 
tic grounds the carbonium ion /VIIa) wil! be more stabie than (VIIIa). 
concerted acid-catalysed cyclisation to a six-membered ring, such as in‘1V), would result 
in a mixture of cis- and trans-isomers. However, the objective of the present work being 
the synthesis of fully aromatised structures, the above points, i.e., the relative pro- 
portions of the six-membered cyclised product (IVa) and the spiran (Va), and of the 
relative proportions of the cis- and trans- isomers of (IVa) were not studied at present. 
The product of cyclisation, on dehydrogenation with 30% palladium-charcoal, 
furnished a pale resinous mass which did not solidify on standing in the cold but afforded 
a dark red picrate, which on repeated crystallisations corresponded with the picrate ‘of 
2-methylchrysene. Regeneration of the pure hydrocarbon (VIa) was effected by treating 
the purified picrate with dilute aqueous ammonia, and the melting point of the regenera- 
ted hydrocarbon corresponded very well with that of 2-methylchrysene. 


Again, a non-. 


698 opel 
Me Me Me 
| (Vv) (VI) 
Me 
aa AA 
WN 
(VII) (VIIT) 
Me 
| (X) 


699 


POLYNUCLEAR AROMATIC HYDROCARBONS 


Literature rcords many examples of acid-catalysed cyclisation where varying amounts 
of spirans have been reported (J. Chem. Soc., 1933, 1098 ; J. Org. Chem., 1936, 1, 288). 
But Harper et al. (J. Chem. Soc., 1934, 124) demonstrated that the spiran formation was 
very much diminished or even completely avoided by the introduction of a methyl group 
in the 2-pusition of the unsaturated intermediate, such as 


ry) 


| Me 


This improved method for cyclisation to six-membered ring was later utilised among 
others by Cook et al. {ibid., 1934, 653, 1727). 


In order to suppress or avoid the possible formation of the spiran (Va) in the cycli- 
sation of (III:), the keione (IIa) was allowed to react upon with excess of methylmagne- 
sium iodide and the resulting carbino) (IXa), obtained in 81% yield, was cyclised with 
concentrated sulphuric acid. The cyclised product (Xa) was then dehydrogenated with 
30% palladium-charcoal to furnish the hydrocarbon (VIa), the angular methyl group 
having been knocked off during the process. The over-all yield of the hydrocarbon (VIa) 
by this process was found to be better than when the ketone (IIa) was directly reduced, 
cyclised and .aromatised. It appears therefore that the presence of the spiran (Va) 
adversely affects the aromatisation step. 


_ 2-Methylchrysene was eailicr syuthesised by Fieser et al. (J. Amer. Chem. Soc., 
1930, 61, 2134), Newmati (ibid., 1938, 60, 2947), Bradsher (ibid., 1940, 62, 3190) and 
Marvel et al. (ibid., 1940, 62, 2659). The physical properties of our product and that 
of its picrate agree very well with those recorded by these American workers. 


We then proczeded to synthesise by a similar procedure the hitherto-unknown 
compound, 2:5-dimethylchrysene. Under the influence of anhydrous aluminium 
chloride, toluene condensed with 1-allyl-2-tetralone (I) to furnish 1-[8-methy]-8-(p-toly])- 
ethyl]-2-tetralone ‘ (IIb) in 62% yield. The para-orientation in this product (cf. J. Org. 
Chem., 1954, 19, 328; this Journal, 1956, 38, 1) was established by its oxidation with 
alkaline potassium permanganate, when a mixture of phthalic and terephthalic acids was 
obtained. . The latter was separated by fractional! crystallisation and identified through 
its dimethyl ester. No trace of isophthalic acid could be detected. 


‘In the light of our experience in the synthesis of 2-methylchrysene, the ketone (IIb) 
was allowed. to react with methylmagnesium iodide, and the resulting carbinol (Xb), 
obtained in 76% yield, was cyclised with H,SO, (conc.) in the usual way to furnish (Xb) 
in 60% yield. ‘This hexahydro derivative was then aromatised with palladium-charcoal 
catalyst (30%) to obtain a viscous mass in 70% yield, which readily furnished a deep 
orange picrate. The pure hydrocarbon, 2 : 5-dimethylchrysene (VIb), was regenerated 
from its picrate. - 
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*EXxXPERIMENTAL 


1-Allyl-2-tetralone (I}.—To a cooled suspension of sodamide (prepared from 2.5 g. 
of sodium iu anhydrous ammonia with a small crystal of ferric nitrate as catalyst) in 
anhydrous ether (100 c.c.) was added dropwise a solution of f-tetralone (14.6 g.) in 
anhydrous ether (75 c.c.) with stirring. The mixture, after standing for 2 hours to 
attain room temperature, was refluxed on the steam-bath for 6 hours. ‘The contents 
were then cooled in the ice-bath and allyl iodide (16 g.) in benzene (50 c.c.) was added 
gradually, and the mixture was let stand at room temperature for one hour. It was then 
refluxed on the steam-bath for 6 hours and decomposed with iced HCl. The aqueous 
layer was repeatedly extracted with ether and the combined ether-benzene layer was 
washed free of acid, dried (Na,SO,) and the solvent removed. The residue on distillation 
under reduced pressure furnished 11.4 g. (61%) of 1 allyl-2-tetralone as a pale yeliow 
liquid, b.p. 140°-145°/5 mm. (Found: ¢, 84.12; H, 7.48. CisH.,O requires C, 83.83; 
H, 7.58 per cent). 

1-(8-Methyl-B8-phenylethyl)-2-tetralone (IIa).—To a solution of 1-aliyl-2-tetralone 
(9.3 g., 0.05 M) in benzene (100 c.c.), kept below 5°, was added anhydrous aluminium 
chloride (13.4 g., 0.1 M) gradually with stirring during a period of 40 minutes. After 
the addition was complete, stirring was continued for 4 hours and the temp 2rature was 
allowed to rise upto 20° during the last hour. The deep brown reaction mixture was 
then poured on iced HCl. The organic layer was separated and the aqueous layer 
extracted with ether. The combined extract was washed free of acid and then dried 
(Na,SO,). ‘On removal of the solvent, the residue furnished on distillation 7.4 g. (56%) 
of 1-(8-methyl-8-phenylethyl)-2-tetralone as a mobile liquid, b.p. 240°-245°/6 mm. 
(Found : C, 86.10; H, 7.62. CisH2oO requires C, 86.323 H, 7.63 per cent). 

1-(8-Methyl-8-phenylethyl)-2-tetralol (IIIa).— The above ketone (5.3 g.) was subjected 
to the Ponndorf reduction with alumjnium iospropoxide, prepared from 2.5 g. of aluminium 
foil and 75 c.c. of isopropyl alcohol. The reduced product was worked up in the usual 
manner to obtain 3.84 g. (72%) of (IIIa) as a viscous mass, b.p. 225°-230°/4 mm. 
(Found: C, 86.17; H, 7.88. C, sH2,0 requires C, 85.67 ; H, 8.33 per cent). 

Cyclisation of (IIIaj.—The tetralol (Illa: 7 g.} was treated with H,SO, (conc., 
7 ¢.c.) at o°-5° for 4 hours. After working up in the usual way, the product yielded 
on distillation 3.14 g. (48%) of a very viscous glassy mass, distilling at 215°-222°/6 mm. 
(Found : C, 91.54 ; H, 8.00. CyoH,. requires C, 91.88; H, 8.12 per cent). 

2-Methylchrysene (VIa).—The above cyclised product (3 g.) was dehydrogenated 
by heating it with 30% Pd—C catalyst (0.3 g.) at 300° when there was a brisk evolution 
of hydrogen. Heating was continued for 5 hours, temperature being’ raised to 330° 
during the later stage. The product was worked up in the usual manner and distilled 
under reduced pressure to obtain 1.6 g. of a resinous mass distilling at 215°-220°/4 mm., 
which did not solidify. This mass was then converted into its picrate {1.1 g.) which 
melted at 169-70° on twice crystallisation from petroleum ether (b.p. 60°-80°). 
[Newman (loc. cit.), m.p. 170-173.6° ; Fieser (loc. cit.j, m.p. 169.8-170.2° ; Marvel, 
(loc. cit.), m.p. 171-72°]. (Found: N, 8.95. Calc. for C.;H,,0;Ns;: N, 8.91 per cent). 


* Melting and boiling points are uncorrected. Analyses by Drs. Weiler and Strauss, Oxford. 
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The above picrate (1 g.) was treated with a dilute aqueous solution of ammonia, when a 
light coloured solid separated out (120 mg.) which on twice crystallisation from petroleum 
ether (b.p. 60°-80°) furnished pure 2-methylchrysene, m.p. 160° Lit. m.p. 161-161.4° 
(Newman, loc.cit.) ; m.p. 159-159.8° (Fieser, loc. cit.) ; m.p. 160-161.4° (Marvel, 
loc. cit.). (Found: C, 93.86; H, 5.75. Calc. for CisH,,: C, 94.18; H, 5.82 per cent). 


1-(B. Methyl-B-phenylethyl)-2-methyl-2-tetralol (IXa).—Toa solution of methylmag- 
nesium iodide, prepared from methyl iodide (4.3 g.), magnesium turnings (0.72 g.) 
and dry ether (20 c.c.), was added gradually and with cooling the ketone ‘IIa: 5.3 g.) 
in 10 c.c. of dry ether. After standing for 2 hours, the reaction mixture was refluxed 
on the steam-bath for 4 hours and then decomposed with cold dilute HCl. The hy- 
drolysate on being worked up in the usual way furnished 4.54 g. (81%) of (IXa), b.p. 
190-92°/4 mm. (Found: C, 85.88; H, 8.20. CxH..O requires C, 85.66; H, 8.63 
per cent). 

2:15-Dimethyl-1 :2:7:8:15:16-hexahydrochrysene {(Xa).—The above tetralol 
([Xa: 3 g.) was cyclised with H,SO, (conc., 3 c.c.) at o° for 4 hours. On working up in 
the usual way, 1.68 g. (60 %j of the hexahydro derivative (Xa) was obtained, b.p. 178- 
80°/6 mm. (Found: C, 91.25 ; H, 8.45. CooH.. requires C, 91.55 ; H, 8.45 per cent). 


Dehydrogenation of (Xa).—The hexahydro derivative (Xa: 1.5g.) was dehydroge- 
nated with 30% Pd—C catalyst {0.15 g.) at 300°-330° for 4 hours. The product on 
working up in the usual manner furnished 1 g. of a colorless viscous mass, distilling at 
210%-215°/3 mm., which produced an orange picrate (1.1 g.), m.p. 169° (crystallised from 
alcohol), undepressed on admixture with the picrate prepared previously. The pure 
hydrocarbon (VIa) was regenerated from this picrate in the usual manner, and on 
crystallisation from petroleum ether it melted at 160°, undepressed by admixture with 
the earlier sample. 

1-[8-Methyl-8-(p-tolyl)-ethyl]-2-tetralone (IIb).—1-Allyl-2-tetralone (I: 9.3 g.) was 
allowed to react with pure toluene (100 c.c.) in presence of AICI, (anhyd., 13.4 g.) under 
the conditions laid down for (IIa) to obtain 8.6 g. (62%) of the tetralone (IIb), b.p. 
252-55°/4mm. (Found: C, 86.64; H, 7.77. CaoH220 requires C, 86.28; H, 7.97 
per cent). 

Oxidation of the Tetralone (IIb).—The tetralone (IIb: 1 g.) was oxidised by reflux- 
ing it witha 5% KMnO, solution. The product on acidification yielded a mixture of 
phthalic and terephthalic acids, The latter was separated by taking advantage of its very 
low solubility in water and was then converted into dimethyl ester, m.p. 141° (undepress- 
ed when mixed with an authentic sample). 

1-[8-Methyl-8-(p-tolyl)-ethyl ]-2-methyl-2-tetralol (IXb).—The ketone (IIb: 5.56 g.) 
was treated with methylmagnesium iodide, prepared from methyl iodide (4.4 g.), imagne- 
sium turnings (0.72 g.) and anhydrous ether (20c.c.). After keeping the mixture 
for 2 hours, followed by refluxing on the steam-bath for 4 hours, the complex was 
decomposed with cold dilute HC]. On usual working up, 4.47 g. (76%) of the tetralol 
(IIIb) was obtained, b.p. 258-60°/4mm. (Found: C, 85.43; H, 8.63. C..H.O- 
requires C, 85.66 ; H, 8.90 per cent). 


- 
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2:5:15-Trimethyl-1 :2:7:8:15 :16-hexahydrochrysene (Xb).—The cyclisation oi 
the above tetralol (4 g.) was effected by its treatment with H,SO, (conc., 4 ¢.c.) at 0°-5° 
for 4 hours, when, on working up in the usual way, 2.25 g. (60%) of the hexahydro 
derivative (Xb) was obtained, b.p. 242-45°/5 mm. ‘Found: C, 90.80; H, 8.34. Ca Hi, 
requires C, 91.25; H, 8.75 per cent). 

2 :5-Dimethylchrysene (VIb).—The hexahydro derivative (Xb: 2g.) was dehydro- 
genated by heating it with 0.2 g. of 30% Pd—C catalyst at 300°-330° for 4 hours. On 
working up, the product furnished 1.3 g. of a viscous mass, b p. 250°-255°/4 mm., 
which readily gave a deep orange picrate, crystallised from alcohol, m.p. 156-57°. 
(Found : N, 8.30. C2c6H,9O;Ns; requires N, 8.66 per cent). 

The parent hydrocarbon, 2 :5-dimethylchrysene, was regenerated from the picrate 
by means of dilute aqueous ammonia. After crystallisation from petroleum ether (b.p. 
60°-80°) 2: 5-dimethylchrysene (1.04 g.) meited at 150-51°. (Found: C, 93.30; H, 6.00. 
CacHi, requires C, 93.71; H, 6.29 per cent). 
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ORGANIC REACTIONS WITH POLYPHOSPHORIC ACID. * PART II. 
INTERMOLECULAR ACYLATION 


By Dev 


Aromatic hydrocarbons, phenol ethers and alicyclic olefines can be conveniently acylated by 
various organic acids in the presence of polyphosphoric acid to furn‘sh good vields of the correspond- 
ing ketones, ; 


In recent years polyphosphoric acid (PPA) has become increasingly popular for the 
intramolecular ring-closure of various ary] aliphatic acids (Koebner and Robinson, 
J. Chem. Soc., 1938, 1995 ; Bachmann and Horton, J. Amer. Chem. Soc., 1947, 69, 58 ; 
Snyder and Werber, ibid., 1950, 72, 2962, 2965 ; Gilmore and Horton, ibid., 1951, 78, 
1411 ; Horning and Walker, ibid., 1952, 74, 5147; Koo, ibid., 1953, 78, 720; Sukh 
Dev, this Journal, 1053, 30, 789). The use of this reagent has been extended to the 
cyclisation of alicyclic analogues (Sukh Dev, this Journal, 1955, 82, 255)*. It was thought 
of interest to examine the possibility of carrying out intermolecular acylations with the 
help of PPA, and a preliminary report to that effect was published ‘idem., Chem. 
* & Ind., 1954, 1071; cf. Gardner, J. Amer. Chem. Soc., 1954, 76, 4550 ; Nakazawa 
and Matsura, J]. Pharm. Soc., Japan, 1954, 74, 69 ; Snyder and Elston, J. Amer. Chem. 
Soc., 1955, 77, 364). The present communication describes some further work in that 
direction in order to determine the scope of the reaction. 

Acylations of aromatic hydrocarbons and phenol ethers proceed smoothly ; since 
the hydrocarbon component has poor solubility in PPA, the reaction is carried out under 
relatively forcing conditions; on the other hand in the case of phenol ethers, much milder 
conditions suffice as a result of their far superior solubility in PPA and enhanced suscep- 
tibility to electrophilic substitution. The chief advantage of acylation by the present 
method lies in the fact that avids can be directly employed as the source of acylium 
cations (or their equivalent), whereas in the other known methods only acid chlorides or 
anhydrides can be used (with anhydrous hydrofluoric acid intermolecular acylations with 
free acids have been carried out: Fieser and Hershberg, J]. Amer. Chem. Soc., 1940, 62, 
49 ; but the reagent is hazardous) ; in the case of phenol ethers, an additional advantage 
is the absence of the danger of demethylation. Polyphosphoric acid promises to be 
especially useful for the acylation of phenol ethers with unsaturated acids. Thus, 
crotonic acid and anisole furnished p-methoxycrotonophenone (I: 80% yield) and with 
sorbic acid, the corresponding sorbephenone (II : 60% yield) was obtained. The struc- 
tures of these compounds have been confirmed by (i) light absorption measurements, 
(ii) oxidation to anisic acid, (iii) quantitative hydrogenation to the saturated ketones 
and (iv) the identification of the reduced ketones with authentic samples. The simpli- 
city of the preparation of (II) may be contrasted to the method, recently employed by 
Kuhn and Staab (Chem. Ber., 1954: 87, 262, 266) for the synthesis of sorbophenones and 
related compounds. 

.* This paper is also to be regarded as Part I of the present series. 
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As a result of a systematic study of the reaction of cyclohexene with acetic acid, 
conditions have been worked out, under which A’-acetylcyclohexene can be conveniently 
obtained ; the procedure appears to offer certain advantages in terms of yield and simpli- 
city of operation over the other methods (Royals and Hendry, J. Org. Chem., 1950, 15, 
1151 ; Cauquill et al., Bull. soc. chim., 1953, 1111 ; Burton and Praill, Chem. & Ind., 
1954, 75 ; Henne and Tedder, J. Chem. Soc., 1953, 3628) available for the acetylation 
of cyclohexene. Similarly cyclopentene afforded A’-acetylcyclopentene, but the yield 


was less satisfactory. 

The chief side-reaction responsible for the relatively low yields of the acylcyclo- 
alkenes is the one leading to the formation of a high-boiling, non-carbonylic, neutral 
material. It is conceivable that though the polymerisation of the starting olefine can 
account for a part of this high-boiling residue, a considerable material arises from the 
carbonium ion (III ; or its equivalent) derived from 


CH, CH, 
® 
| 


(IT1) 


the enolic form of the unsaturated ketone. It may be noted that in the case of 
A'-acety!cyclohexene, this intermediate can, at least partly, lead to the formation of 
ethylbenzene by an elimination of a proton, followed by rearrangement ; and in fact, 
when the reaction of cyclohexene and acetic acid is carried out under more forcing 
conditions, the yield of ethylbenzene rises rapidiy at the expense of the expected 
Al-acetylcyclohexene, which in one experiment has been isolated in 38% yield. The 
formation of aromatic hydrocarbons by the action of phosphorus pentoxide on suitably 
constituted ketones has been recorded (Kekule and Pott, Ber., 1869, 2, 12x; Armstrong 
and Miller, Ber., 1883, 16, 2259; Frank and Pierle, J. Amer. Chem. Soc., 1951, 
18, 724. Also compare the formation of m-cymen2 by the action of P,O, on the non- 
enolisable ketone, fenchone: Wallach, Annalen, 1895, 284, 324; Lacourt, Bull. Soc. 
Chim. Belg., 1930, 39, 132). 

The yields of the various ketones prepared by intermolecular acylation with PPA 


are recorded in Table I. 
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TABLE I 
No. Starting material. Acylating acid, Yield of the ketone. 
I Toluene Acetic acid 75% 
2 Anisole n-Butyric acid gI 
3 i n-Caproic acid 80 
4 as Crotonic acid 80 
5 ” Sorbic acid 60 
6 cycloHexene Acetic acid 50-60 
7 cycloPentene Do 20°27 


*EXPERIMENTAL 


Methyl-p-tolyl Ketone.—To PPA, prepared (Sukh Dev, this Journal, 1955, 32, 262) 
from P.O; {70g.) and syrupy phosphoric acid (85%, 30 c.c.), a mixture of toluene 
(9.2 g., 0.1 M) and acetic acid (6.0 g., 0.1 M) was added in one lot. The reaction mix- 
ture was vigorously stirred (Hershberg stirrer) and heated at 85°+2° (bath temp.) for 
24 hours to the complete exclusion of moisture. The deep brown product, while stiil 
hot, was poured on ice-water slurry (about 400 c.c.). When all the complex had decom- 
posed (several hours), the organic material was taken up in ether (40 c.c. x 3), washed 
with brine ‘30 ¢.c. x 2) and dried (Na,SO,). Removal of the solvent, followed by frac- 
tionation, afforded the desired ketone, b. p. 122°/30 mm., mp**, 1.5315, yield 10g. 
(74.6%). 

The 2: 4-dinitrophenylhydrazone (HCl method) crystallised from toluene as red 
needles, m. p. 257° (Allen and Richmond, J. Org. Chem., 1037, 2, 224, record m.p. 
258°, cor.). 

p-Methoxybutyrophenone.—A mixture of anisole (5.4 g., 0.05 M) and n-butyric 
acid (4.4 g., 0.05 M) was added to PPA (P,0;, 35 g. and phosphoric acid, 15 c.c.) held at 
80°. After stirring and heating at the above temparature for 14 hours, the light brown 
complex was decomposéd as above. The product was extracted with ether (40 c.c. x 3), 
washed first with NH,OH svlution (5%; 40 c¢.c. x 2), then with brine (40 ¢.c. x 3) 
and dried (Na,SO,). The solvent was removed and the residue fractionated to afford 
the ketone as a colorless liquid, b.p.° 123-24°/o.8 mm., mp*® 1.5350, m.p. 16° (dip 
method) ; Amex (272 mp, € 16,960) ; yield 8.1 z. (91%) (Skraup and Nieten, Ber., 1924, 
§7, 1204, record b. p. 165-67°/14 mm., m,p. 26°). 

The semicarbazone was prepared by the pyridine method and after two recrystallisa- 
tions from dilute alcohol yielded white needles, m.p. 172-73°. (Found: N, 17.8. 
C,2H,7O,N; requires N, 17.9 per cent). 

The 2: 4-dinitrophenylhydrazone (HCI method) was obtained in 95% yield, m‘p. 
155-57'. Recrystallisation from acetic acid-alcohol mixture was followed up by another 
crystallisation from benzene-n-hexane, when red lustrous leaflets were obtained, m.p. 
165-66°. (Found: N, 15.5. CirH,sO;N, requires N, 15.6 per cent). 


* All melting and boiling points are uncorrected. The light absorption measurements were carried 
out in 95% ethanol solution on Beckman DU spectrophotometer. 


2—1914P—10 
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p-Methoxycaprophenone was prepared as above, using n-caproic acid (5.8 g., 
0 05 M) in place of butyric acid ; the reaction complex was dull red in colour. The 
ketone was purified by distillation, b.p. 145°/o.5 mm., m.p. 37-80°; Amex, 272 mu 
(e, 16540); yield 8.0 g. (80%). The product on recrystallisation from ™-hexane (2 vol.) 
at 1o-0°, furnished white prismatic crystals, m.p. 37-38° (Skraup and Nieten, loc. cit., 
report m.p. 41”). 

The semicarbazone (pyridine method) on two recrystallisations from dilute alcohol 
furnished white needies, m.p. 128-29°; surprisingly, the crude material had m.p. 
133-34. (Found: N, 16.1. (C,,H,,0,N; requires N, 16.0 per cent). 


The 2:4-dinitrophenylhydrazone (HCl method) was prepared quantitatively, m.p. 

140-43°. It was obtained as red lustrous leaflets from acetic acid-alcohol mixture or 
as red tablets from benzene-n-hexane, m.p. 146-47°. ‘Found: N, 14.3. C,9H2,0;N, 
requires N, 14.5 per cent). 
._  p-Methoxycrotonophenone (I).—To PPA (70 g. P.O; and 30 c.c. phosphoric 
acid), maintained at 55° +2°, anisole (10.8 g. 0.1 M) and crotonic acid (8.6 g,0.1 M) 
- were added ali at once; the mixture was heated and stirred for 40 minutes. The 
deep red product was worked up as above. The ketone was obtained as a colorless 
liquid, b.p. 143-45°/3 mm., m5°"’, 1.5780; m.p. 20-21° (dip method); yield, 14.0 g. 
(So%). (Found: C, 75.00; H, 6.82. C,,H,,0, requires C, 75.00; H, 6.8 per cent). 

The 2:4 dinitrophenylhydrazone (HCl method) was obtained quantitatively and 
had m.p. 129-30°; it appeared to be a mixture of isomers. Three recrystallisations 
from acetic acid-alcohol furnished small deep red needles, m.p. 186-87°. (Found: 
N, 155. CizHisOsN, requires N, 15.7 per cen), 

The structure of the ketone is based on the following experiments : 

(i) Light absorption: Amex, 295 mp (¢, 14,690) (Kuhn and Staab, loc. cit., record 

Amex 252, € 17-5 * 10° for crotonophenone) ; besides this main band, it had ; Amex, 229 m# 
(e.12030) and Amax, 255 mp (e 7750). 
. fii) To the compound (0.88 g.) in acetone (25 c.c.) and water (25 c.c.), powdered 
KMnO, was added in small lots with stirring; the second adcition was made only 
when the first had been consumed ; the oxidation was carried out at room temparature 
(28°) and was quite rapid. It required 2.8 g. of KMnO, during 4 hour; the slight 
excess of it was destroyed with a trace of crotonic acid. The manganese dioxide 
was filtered off and washed with hot water (15 c.c.). The alkaline solution was concen- 
trated to about 25 c.c. and acidified and the precipitated acid collected, m.p. 180-82° 
with previous shrinking; yield 0.5 g. Recrystallisation from dilute acetic acid afforded long 
needles of anisic acid, m.p. 183-84°; mixed m.p. with an authentic sample remained 
undepressed. 

(iii) The ketone (0.6 g.) in alcohol (20 c.c.) on quantitative hydrogenation in 
presence of pre-reduced Pd-CaCO, catalyst (300 mg., Busch, Ber., 1916, 49, 1063; 
1929, 62, 1458) took up 101% of the theoretical amount of hydrogen (required for the 
saturation of one ethylenic linkage) during 10 minutes when the reduction came to 
a close. On being Worked up in the usual manner, an oil (520 mg.), b.p. 105°- 
110°/o.2 mm., °°’ 1.5330, was obtained. It was identified as p-methoxybutyro- 
phenone by the m.p, (165-66°) and mixed m.p. of its 2 : 4-dinitrophenylhydrazone. 
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p-Methoxysorbophenone.—A mixture of sorbic acid ‘5.6 g., 0.05 M; finely 
powdered) (“Organic Syntheses”’, vol. 24, p. 92; Miller and Nord, J. Org. Chem., 1951, 
16, 1720), anisole (5.4 g., 0.05 M) and PPA (70g. of P.O; and 30c.c. of phosphoric 
acid) was stirred and heated at 55°+2° for 30 minutes under the usual conditions, 
The deep blood-red complex was at once decomposed with ice-water slurry (about 
joo c.c.) with the separation of a solid. The product was extracted first with 
benzene (50 ¢.c. x 1) and then with ether (50 c.c. x 2); the combined extracts were 
washed, etc. as above. The solvent was removed and the crude material rapidly 
distilled from a flask suitable for the distillation of solids; the light yellow distillate, 
b.p. 160°-65°/0.3 mm., solidified as it distilled, m.p. 82-80°, yield 6.0 g. (60%). It 
crystallised from benzene-n-hexane as dull yellow prisms, m.p. 92-93°. ‘Found: C, 
77.15; H, 6.91. Cy3H,,O, requires C, 77.22 ; H, 6.93 per cent). 

Its 2:4-dinitrophenylhydiazone (HCl method) after two recrystallisations from 
acetic acid-alcohol mixture was obtained as dark-red, bright needies, m.p. 104-95° 
(the crude material, which was obtained in 97% yield, had m.p. 155-62° and was 
evidently a mixture of isomers). (Found: N, 14.8. CysH,sO;N, requires N, 14.7 
per cent). 

The ketone had Amax. 315 mp (€ 30,560). On oxidation with KMnQ, as above, 
it {100 mg.) yielded anisic acid (55 mg., m.p. 183-84°). On quantitative hydrogenation 
in the manner described above, it showed the presence of two easily reducible 
(reduction came to a close afier 10 minutes) ethylenic linkages; the tetrahydroketone 
was identified as p-methoxycaprophenone through its 2 :4-dinitrophenylhydrazone 
(m.p. aud mixed m.p. with an authentic sample, 144 45°). . 

A!..Acetyleyclohexene.—To PPA (from 70 g. of P.O; and 30 c.c. of phosphoric 
acid), held at 55°-60° (bath temp.), cyclohexene (8.2 g., 0.1 M) and acetic acid (6.6 ¢., 
o.11 M) were introduced all at once. The reaction mixture was efficiently stirred 
and heated at this temperature for just 45 minutes. The dark brown-red product 
was at once worked tp by pouring the material on ice-water slurry (about goo c.c.) ; 
after decomposition of the complex, the mixture was further diluted to a total volume 
of about 500 c.c., and ammonium sulphate (200 g.) added and dissolved. This was 
extracted with petroleum ether (40 c.c. * 5), washed with brine (4o c.c. * 2) and 
dried (Na.SO,). This was stripped off (column) the solvent and the residue 
fractionated to furnish 6.2-7.5 g. (50-60.2 %) of acetylcyclohexene, b.p. 104-105°/35 
mm., n°, 1.4890. After refractionation the product had b.p. ror°-103°/30 mm., 
ni", 1.4880; Amax, 233 me (¢, 11,060) (Heilbron et al., J. Chem. Soc., 1949, 1827 
record APO, 232 mp, € 13,000). The ketone was further characterised by the 


max 


preparation of its 2 :4-dinitrophenylhydrazone, m.p. 203-204° (brick-red needles ftom 
alcohol ; Heilmann and Glenat, Compt. rend., 1952, 284, 1557, record m.p. 204° 
corr.) and semicarbazone, m.p. 218-19° (colorless leaflets from dilute alcohol ; 


Nenitzescu and Chicos, Ber., 1933, 66, 960, report m.p. 220-21° with decomposition). 
A'-Acetyicyclopentene.—cycloPentene (6.8 g., 0.1 M; Sukh Dev, unpublished) 


and acetic acid (6.6 g., 0.11 M) were treated with PPA as above, but the temperature 
On working up the dark brown-red complex in the above 


was maintained at 40°+1°. 
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manner, acetylcyclopentene (3 g.; 27%; refractionated), b.p. 80-82°/30 mm., was 
obtained. The product had 5°, 1.4825, appreciably higher than the value (n;° 
1.4776) reported by Heilbron et al. (loc. cit.) ; it had Amex, 237 m# (€ 9,800) (Heilbron 
et al., loc. cit., record Amax, 239 mp; € 13,000), It afforded 2:4 dinitrophenylhydrazone, 
which separated from alcohol in red needles, m.p. 202-203° (Heilbron et ai., loc. cit., 
record in.p. 203°). 

Isolation of Ethylbenzene.-—To PPA (P,Qs, 200 g. and phosphoric acid, 120 c.c.) 
cyclohexene ‘41.0 g., 0.5 M) and acetic anhydride (51.0 g., 0.5 M) were added and 
vigorously stirred at 50° for 4 an hour at 60°-70° for one hour and finally at 80°-85° 
for another 14 hours. The product was worked up as given under 4’-acetylcyclo- 
hexene (there was a lot of tarry material, insoluble in petroleum ether ; this was 
rejected), On fractionation, the crude product provided two main fractions (ij, b.p. 
55°/40mm., 20g. and (ii) b.p. 112°-118°/40 mm., 6g., and a polymerised residue (23 g.) 
was left behind. The second fraction consisted essentially of acetylcyciohexene. 

_ The first fraction was refractionated over sodium: b.p. 130°/684 mm., mo" 1.4900; 
yield 19 g. [Huntress and Mulliken, “Identification of Pure Organic Compounds. 
Order I’’, John Wiley, New York, 1046, p. 520, record b.p. 136.15°/760 mm., m5” 
1.49583 1.4931 for ethylbenzene]. 

The product had a typical odour recalling toluene ; it did not decolozise bromine 
in the cold and it developed a faint yellowish colour with tetranitromethane. 

When the hydrocarbon (1 g.) was oxidised by refluxing with KMn0, (8 g. in 160 c.c. 
of water containing 1 g. of NaOH), benzoic acid (m.p. :19-120°, mixed m.p. 120- 
122°; 150 mg.) was isolated. 

Its identification as ethylbenzene was completed by the Friedel-Crafts condensation 
(Shriner and Fuson, ‘The Systematic Identification of Organic Compounds’, John 
Wiley, New York, 1948, p. 198) with phthalic anhydride, when O-(4-ethylbenzoyl)- 
benzoic acid, m.p. 123-25° (white needles recrystallised first from benzene-n-hexane 
and then from dilute acetic acid) was isolated ; mixed m.p.. with an authentic sample 
(m.p. 123-25°) remained undepressed. 
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SYNTHETIC GONADOGENS. PART I 


By S. M. Muxueryj!, R. P. GANDHI AND V. S. GAIND 


The synthesis of 7-(4’-ketocyclohex-2’-enyl)-1 :g-octalone-2 and 7-(4’-ketocyclohex-2’-enyl)-8-ethyl-1 :9- 
octalone-2 as potential androgens is described herein. 


‘The recent discovery of highly androgenic activity in 19-nor-testosterone (Birch, 
J]. Chem. Soc., 1950, 367 ; cf. Wilds and Nelson, J. Amer. Chem. Soc., 1953, 78, 5366), 
19-nor-17%-methyltestosterone (Djerassi ef ai., ibid., 1954, 76, 4092) and 18-nor-D- 
homo-androstane-3 :172-dione (Johnson et al., ibid., 1953, 75, 4866), and progestational 
activity in 19-nor-progesterone (Djerassi, ibid., 1953, 75, 4440) suggests the desirability 
of examining for androgenic or progestational activity the hydroaromatic structures 
conveniently obtained by the Birch reduction (Birch and Mukherji, J. Chem. Soc., 
1949, 2531, and references cited therein} of the phenolic compounds which have already 
proved to be estrogenic. It may be pointed out further that while Dodds et al. (Proc. 
Roy. Soc., 1939, B127, 1403 cf. Salzer, Z. physiol. Chem., 1942, 274, 39) recorded (I) as 
having estrogenic activity, Wilds and Hoffman (J. Amer. Chem. Soc., 1949. 714 3266) 
reported androgenic activity in the analogous hydroaromatic substances (II). 


Me.CH, 
OMe (I) O 


Novello and Christy (ibid., 1953, 75, 5431) recorded estrogenic activity of 3-(6’- 
hydroxy-2’-naphthyl)-cyclohex-2-enone (III). 


\A 
HO 
(III) 
Blanchard, Stuart and Tallman (Endocrinoiogy, 1943, 32, 307) and Madaeva et al, 
(Zhur. Obshchei Khim., 1953, 28, 472; Chem. Abst., 1954, 48, 5136) reported highly 


estrogenic activity respectively of 2:4-di-(p-hydroxyphenyl)-3-ethylhexane (IV) and 
4: 5-bis-(p-hydroxyphenyl)-4-methylpent-4-ene (V). 


{ 
O 
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Me, 
| CH —CH,.Me C.Me 
WN cH 
‘Me Me.CH, 
(IV) (v) 


The above findings of estrogenic activity in the structure (IV) and (V) are rather 
surprising and cast some doubts on the stereo-relationship of the functional groups in 
natural and synthetic estrogens. Although these structures preserve the superficial 
skeletal. resemblance with the natural steroid hormone structures, when written in the 
distended form as shown, they appear to represent a development away from the 
Structures of steroids and towards the simpler, yet no less potent, substances in which 
even the functional groups do not conform to the original spatial relationship. 

Phe’ stracture such as (IV) could be trimmed and the middle aliphatic chain coiled 
into ‘ring B (steroid). The analogous hydroaromatic structures would then become 
of considerable interest for eventual androgenic or progestational activity. With this 
end in view we have synthesised :9-octalone-2 (XI) and 
7-{4’-ketocyclohex-2’-enyl)-8-ethyl-1 : 9-octalone-2 (XV) along the following scheme : 


CQsMe 
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CH,.Me 
O 
(XIV) (XI) 
| 
Me.CH, 
(XV) (XII) 


The starting material, 2-(p-anisyl)-8-(p-anisoyl)-propionic acid (VI) was prepared 
by the method of Dalal, Bokil and Nargund (J. Univ. Bombay, 1939, 8, 190). But 
unlike these workers we could not raise the yield to more than 55% with tetrachloro- 
ethane as the solvent. In nitrobenzene and carbon disulphide as the solvents, the 
yields were more disappointing. In course of the preparation of p-anisylsuccinic acid, 
we have improved the yield in the Knoevenagel-Cope condensation of p-anisaldehyde 
with ethyl cyanoacetate to 100%, wheieas the previously reported yield was only 77% 
(Baker and Lapworth, J. Chem. Soc., 1925, 560) (see Experimental). 


The acid (VIj furnished a hydrazone, but the reduction of the keto group proved 
to be difficult. Because of low solubility in toluene it could not be reduced by Martin's 
modification of the Clemmensen reduction. The Wolff-Kishner reduction by Huang- 
Minlon’s technique (J. Amer. Chem. Soc., 1946, 68, 2487) also did not provide satis- 
factory results. Among the various combinations of the base and solvent tried to effect 
reduction, may be mentioned: sodium ethoxide in glycol, sodium diethyleneglycolate 
in diethyleneglycol, sodium in benzyl alcoho! and potassium hydroxide in diethylene- 
glycol. 

The keto-acid (VI) was then converted in 092% yield into its methyl ester 
(VII) to effect its solubilisation in toluene. ‘Ihe Clemmensen reduction by Martin’s 
modification then proceeded smoothly to furnish methyl xy-di-(p-anisyl)-butyrate 
(VIII) in 75% yield. A similar procedure in the Clemmensen reduction of compounds 
resisting reduction had earlier been recorde’ by Haworth and Mavin (J. Chem. Soc., 
1932, 2720) and Fieser and Peters (J. Amer. Chem. Soc., 1932, 54, 4373). However, 
during the Clemmensen reduction of the ester (VII), considerable demethylation 
took place. The crude reduction product was therefure methylated, prior to 
distillation, with dimethyl sulphate and potassium carbonate in acetone. 
Hydrolysis of the reduced ester (VIII) did not proceed satisfactorily either. The ester 
(VIII) was therefore cyclised in 70% yield to 7-methoxy-2-(p-anisyl)-1 tetralone (IX) 
by means of polyphosphoric acid. The ketone (IX), thus obtained initially as a viscous 
oil, solidified after a few days, and it was characterised through its 2 : 4-dinitrophenyl- 
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hydrazone. The Clemmensen reduction of the ketone (IX) by Martin’s modification 
for 60 hours, followed by methylation of the crude product, furnished 7-methoxy-2- 
{p-anisyl)-1 : 2:3 :4-tetrahydronaphthalene (X) in good yield. This was then subjected 
to the Birch reduction process as modified by Wilds and Nelson (J. Amer. Chem. Soc., 
1953, 78, 5360). The resulting tetrahydro derivative on hydrolysis afforded 7-(4'-keto- 
cyclohex-2’-enyl’-1 :9-octalone-2 (XI). This ketone exhibited a strong absorption 
band at 220mp ‘e, 9879) in alcohol. It was characterised by its deep red bis-2: 4- 
dinitrophenylhydrazone. The presence of two ethylenic bonds in the structure (XT) 
was further established by catalytic hydrogenation with palladium-charcoal catalyst 
(5%) when almost theoretical volume (95%) of hydrogen was absorbed and a fully 
hydrogenated system (XII) was obtained which yielded a yellow bis-2 : 4-dinitrophenyl- 
hydrazone. Catalytic hydrogenation of polycyclic «8-unsaturated ketones of type (XI) 
generally leads to the formation of the cis-isomer of the saturated ketones (Cornforth 
and Robinson, J. Chem. Soc., 1949, 1855), although there are cases in which the 
trans-isomer or a mixture of cis- and trans- isomers of the reduced ketones has been 
obtained (Butenandt et al., Ber., 1935, 68, 2094, 2007). Our product (XII), however, 
has been provisionally designated as the cis-isomer. 

7-Methoxy-2-(p-anisyl)-1-tetralone (IX) was allowed to react with an excess of 
ethylmagnesium bromide. The resulting carbinol (XIII) was not, however, isolated, 
because on distillation it underwent spontaneous dehydration, which was facilitated by 
the presence of a trace of iodine to furnish in 72% yield 7-methoxy-1-ethyl-2-(p-anisyl)- 
3:4-dibydronaphthalene (XIV) in a crystalline form. The product (XIV) was then 
reduced with lithium and ethyl alcohol in liquid ammonia as before. The resulting 
hexahydro derivative was hydrolysed as in the case of (XI). 7-(4’-Ketocyclohex-2’-enyl)- 
8-ethyl-1 : 9-octalone-2 (XV), thus obtained, was characterised by its absorption in the 
ultraviolet range at 222 mp (£, 10230) in alcohol, and through its deep red bis-2 : 4- 
dinitrophenylhydrazone. 

Attempts at obtaining the diketones (XI) and (XV) in crystalline form by regen- 
erating them for the respective 2:4-dinitrophenylhydrazones were not successful. 
Analogous structures, which have been synthesised by Bentley and Firth (J. Chem. 
Soc., 1955, 2398, 2403), while our work was almost completed, are also reported to be 
liquids at ordinary temperatures. 

Biological assessment of the two compounds (XI) and (XV) is in hand. 


*EXPERIMENTAL 


Ethyl a-Cyano- B-{p-anisyl)-acrylate.—A solution of p-anisaldehyde (54.4 g., 0.4M), 
ethyl cyanoacetate (45.2 g., 0.4M), piperidine (1.7 g., 0.02M), acetic acid (6 g., 0.1M) 
and anhydrous benzene (140 c.c.) were taken in a flask connected to a modified Dean 
and Stark water separator and heated on the oil-bath at 120°-130° till no more water 
separated (10 hours), The content was then poured on crushed ice when the yellow 
solid separated and the aqueous phase was extracted with benzene. The crude solid 
product was dissolved in benzene and the vombined benzene solution dried (Na,SO,). 


* M.p. and b.p. are uncorrected. Analyses were carried ont by Drs. Weiler and Strauss, Oxford. 
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After removal of the solvent the residue on distillation under diminished pressure furnished 
an almost quantitative yield (92 g.) of the acrylic ester derivative asa light yellow 
product, b.p. 200°-203°/4mm., which solidified immediately, m.p. 84° (Baker and 
Lapworth, loc cit., record m.p. 84°). - 

Methyl +%-(p-anisyl) - B-(p-anisoyl)-propionate (VII).—A mixture of «-p-anisyl)- 
8-(p-anisoyl)- propionic acid (VI, 18.8 g.) (Dalal, Bokil and Nargund, loc. cit.), 
anhydrous methyl alcohol (roo c.c.) and H,SO, (7 ¢.c., d 1.84) was refluxed with ex- 
clusion of moisture for 8 hours. Most of the alcohol was then removed and the residue 
poured on iced water. The resulting resinous mass was extracted with ether, the 
ethereal extract washed free of acid, and dried (Na,SO,). After removal of the solvent 
the residue on distillation under diminished pressure furnished 18 g. (92%) of the ester 
(VII) which solidified on keeping. Crystallisation from methyl alcohol afforded milk- 
white needles, m.p.93°. (Found: C, 69.25; H, 6.20. C,9H2.0; requires C, 69.50; H, 
6.14) per cent. 

Methyl ay-Di-(p-anisy!)-butyrate (VIIT).—A mixture of amalgamated zinc wool (25 g.), 
water {13 c.c.), toluene (35 c.c.), HCl (36 c.c.) and the methyl ester (VII: 16g.) was 
refluxed on the oil-bath, maintained at 135°-140°, for 55 hours while HCl (conc., 8 c.,c.) 
was added every 6 hours. The toluene layer was separated and the aqueous layer ex- 
tracted with ether. The combined toluene-ether extract was washed free of acid and 
the solvents driven off under diminished pressure. The crude residue developed an intense 
violet coloration with alcoholic ferric chloride and was therefore methylated with di- 
methyl sulphate (10 g.) and potassium carbonate (5 g.) in boiling acetone. After refluxing 
for three hours acetone was removed and the residue poured on cold water. The 
viscous oily substance was extracted with ether and dried (Na,SO,). After aspiration 
of the solvent, the residue on distillation yielded 11.8 g. (75%) of the reduced product 
(VIL), b.p. 240-41°/4 mm., 9°, 1.5438. The ferric chloride test with the distilled 
product was negative. (Found: C, 71.08; H, 6.71 C,9H2.0, requires C, 72.59 ; H, 
7.05 per cent), 

7-Methoxy-2-(p-anisyl)-1-tetralone (IX).—Polyphosphoric acid was prepared by 
heating together phosphorus pentoxide (70 g.) with 85% phosphoric acid (40c.c.) for 4 
hours at 100° with the exclusion of moisture. To the homogeneous solution was 
gradually added methyl y-di-(p-anisyl)-butyrate ‘11.0 g.). During addition heat was 
evolved and the contents were occasionally cooled to maintain the temperature below 
100°, The mixture was then heated on the steam-bath for additional 2 hours when a 
deep brown colour developed. Crushed ice was then added and the resinous extract 
was washed with water and 5% sodium carbonate solution and then dried (Na,SO,). 
The solvent on being distilled off the residual oil on distillation under reduc:d pressure 
furnished 6.9 g. (70%) of the ketone (IX) as a colorless immobile liquid, b-.p. 227-30°/4 
mm., which solidified on keeping. Crystallisation from ethanol furnished white piates, 
m.p. 84-85°. (Found: C, 76.15 ; Hs 6.28. CisHisO, requires C, 76.57 ; H, 6.43 per cent). 
. ' The 2:4-dinitrophenylhydrazone was prepared in the usual way and crystallised 
from ethyl acetate-alcohol in orange-yellow needles, m.p. 225°. ‘Found: N, 11.70. 
C,.H2,0.N, requires N, 12.12 per cent). ' 

3—1914P—10 
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7-Methoxy-2-(p-anisyl)-1 :2:3:4-tetrahydronaphthdlene (X).—The above ketone 
(IX : 5.64 g.) was reduced by using amalgamated zinc wool (10 g.), HCi (conc., 13 ¢.c.), 
water (6 c.c.) and toluene (25 c.c.). Refluxing was continued for 60 hours during which 
period HCI (conc., 3 c.c.) was added every six hours. After working up asin the case 
of (VIII), the crude product was methylated with dimethyl sulphate (5 g.) and potassium 
carbonate (2.7 g.) in acetone (50 c.c.). On working up in the usual manner, 3.3 g. 
(59%) of 7-methoxy-2-(p-anisyl)-1 : 2 : 3: 4-tetrahydronaphthalene (X) was obtaimed as a 
coiorless viscous substance, b.p. 210-12°/4mm. (Found: C, 80.40; H, 7.30. CisH20, 
requires C, 80.56; H. 7.51 per cent). 

7-(4'-Keto-cyclohex-2'-enyl)-1:9-octalone-2 (XI).—To a solution of (X: 2.15 g.) 
in dry ether {90 c.c.) and anhydrous ammonia (150 c.c.) was added, with stirring, freshly 
cut lithium metal (0.89 g.) in small pieces during 6 minutes. Stirring was continued 
for another 5 minutes whereafter absolute ethy! alcohol (7.9 g.) was added dropwise dur- 
ing 10 minutes when} the blue colour disappeared completely. Towards the end of the 
reaction vigorous foaming ensued which was controlled by occasional suspension of 

- stirring. Ammonia was evaporated off and distilled water (50 c.c.) was then added drop- 

wise, followed by ether (100 c.c.) and the mixture stirred for half an hour. The ether- 
eal layer was separated and the aqueous layer extracted with ether. The solvent was 
driven off from the the combined extract. The residue was hydrolysed with 10% 
H,SO, (50 c.c.) on the steam-bath for 5 hours. The mixture was cooled and extracted 
with four portions of ether. The combined ethereal solution was washed free of acid 
with 5% sodium carbonate solution, followed by water and then dried (Na,SO,). The 
solvent being removed the residue on distillation furnished 1.1 g. (55%) of the diketone 
(XI) as a sticky mass, b.p. 223-25°/5 mm., A™*., 220 mp (€, 9879). (Found: C, 79.00; 
H, 8.50. C,sH. O02 requires C, 78.65 ; H, 8.25 per cent). 
: The bis-2:4-dinitrophenylhydrazone of the above diketone was prepared in the 
usual way and crystallised from ethyl acetate-alcohul mixture as deep orange crystals 
which changed colour on keeping, m.p. 125° (sintering at sarah (Found: N, 18.30. 
C.sH2,0,N, requires N, 18.54 per cent). 

4-[7-Keto-2-(cis ?)-decalyl]-cyclohexanone (XII).—The ketone (XI: 
0.49 g.) was subjected to catalytic hydrogenation with 5% Pd—C (50 mg.) using ethyl 
alcohol as the solvent. After 95% of the equivalent of two mols. of hydrogen was 
absorbed the reaction product was worked up in the usual way whereafter the residue 
on slow sublimation under reduced pressure yielded 0,41 g. of a colorless product. 
(Found: C, 77.15; H, 9.58. C.sH.O, requires C, 77.37; H, 9.74 per cent). 

The above saturated diketone furnished a yellow bis-2 : 4-dinitrophenylhydrazone 
under the usual conditions, which was crystallised from ethyl acetate-alcohol mixture, 
m.p. 146-47°. (Found: N, 18.00. CzsH;,0,Ns requires N, 18.42 per cent). 

: 4-dihydronaphthalene (XIV).—To ice-cooled ethy]- 
magnesium bromide (from 8.8 g. ethyl bromide, 1.92 g. magnesium turnings and 20 C.c. 
ether) was added a solution of 7-methoxy-2-(p-anisyl)-1-tetralone (IX: 11.3 g.) iu 
dry benzene (soc.c.). After standing for 2 hours at room temperature the reaction 
mixture was refluxed on the steam-bath for 6 hours, then cvoled and decomposed by 
pouring over 10% HCl. The hydrolysate was taken up in etherand the ethereal 
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extract was washed and dried (Na;SO,). After the removal of the solvent the residual 
oil, on distillation under reduced pressure in presence of a crystal of iodine, 
furnished 8.5 g. (72%) of 7-methoxy-1-ethyl-2-(p-anisy]l)-3 :4-dihydronaphthalene (XIV) 
as a viscous mass, b.p, 230-32°/5 mm., which solidified on keeping. Crystallisation 
from alcohol afforded colorless shining meedles of (XIV), m.p. 99-100°. (Found: 
C, 81.43; H, 7.62. CooH2.0, requires C, 81.60; H, 7.53 per cent). 
7-(4’-Ketocyclohex-2’-enyl)-8-ethyl-1 :9-octalone-2 (XV).—The above compound 
(XIV: 5.8 g.) in dry ether {100 c.c.) was subjected to reduction with lithium (2.52 g.} 
and absolute ethyl alcohol (16.4 g.) in liquid ammonia (300 c.c.) by following a similar 
procedure as described in the case of (XI). The resulting hydro derivative was hydro- 
lysed with 10% H,SO, (50 c.c.) and the hydrolysate taken up in ether, and the ethereal 
layer washed. After drying, the solvent was distilled off and the residue on distillation 
gave 3g. (55%) of (XV) as a colorless liquid distilling at 220-25°/5 mm., Aw’, 222 mp 
(¢, 10230). (Found: C, 79.10; H, 8.54. CysH2.O, requires C, 79.37; H, 8.88 per cent 
The bis-2 : 4-dinitrophenylhydrazone of the above diketone was prepared by the 
‘sulphuric acid method and was crystallised (deep red) from ethyl acetate-alcoho! mixture, 
m.p. 136-37°. (Found: N, 17.40. CseHs,0,N, requires N, 17.71 per cent), 
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"CHEMICAL INVESTIGATION OF MUNDULEA SUBEROSA BENTH. 
- PART I. ISOLATION AND CHARACTERISATION OF THE 
ACTIVE PRINCIPLE FROM THE ROOT BARK 


By NARENDRA Lat 


A new compound, C9;H)g0,4, m.p. 193°, has been isolated from the root bark of Mundulea 
suberosa Benthin 0.3% yield and has been named ‘munetone’. The substance has been found 
to be highly toxic to fish. The chemical nature of munetone is discussed. Two more substances 
of m.p. 216-17° and 74-75° respectively were also isolated in a very poor yield. 


Mundulea suberosa Benth [Mundulea sericea (Willd), Chevalier] of N. O. Legumino- 
sae is a stout, erect shrub, with thick corky bark. The plant is well known to the natives 
of the Western Peninsula of India, Ceylon, Madagascar and Tropical Africa as far South 


“as Mozambique, as an extremely efficient fish poison. Locally it is known as Surti 


or Supti’ (Watts, ‘Dictionary of Economic Products of India’’, Calcutta, 1891, Part V, 
p. 288). 

Quite a number of earlier workers (Tattersfieid and Gimingham, Ann. Appl. Biol., 
1932, 19, 253 ; Worsley, ibid., 1936, 28, 311 ; 1937, 24, 651 ; Tattersfield and Potter, 
ibid., 1940, 27, 262 ; Greenway, Bull. of Misc. Information, No. 4, 1936, Royal Botanic 
Gardens, Kew) have examined the plant collected from various places and investigated 
the toxic action of the root, stem, bark, leaves and seeds to fish and insects. In certain 
cases Mundulea was found to be more poisonous than Tephrosia vogelii or rotenone- 
bearing plants in general. Meyer (Rec. trav. chim., 1947, 66,177) isolated from the 
stem-bark rotenone anda white substance (C,,;H..0,;, m.p. 193-95°) having’a toxicity 
towards fish approaching that of rotenone. From the root bark, the latter substance 
together with a yellow crystalline compound of the same formula (m.p. 216°) were 
obtained. Indian samples were examined by Rao (D. Sc. Thesis, Andhra University, 
1945), who isolated isorhamnetin and another substance (C,,H,,O,N, m.p. 199°) from the 
leaves ; he, however, failed to isolate any crystalline substance from either the 
seeds or the roots (J. Sci. Ind. Res., 1954, 184, 31). Bhima Rao (Chem. Abs., 1940, 
34, 3859) claimed to have obtained a crystalline substance from the active extract 
of Mundulea saberosa, and the phenylhydrazone, oxime and methyl derivatives were 
prepared. Recently Narayana and Rangaswami (J. Sci. Ind, Res., 1955, 14B, 105) have 
reported the isolation of a crystalline substance (m.p. 180-82°) having a probable formula 
C.sH..0>~ from the seeds of Mundulea suberosa Benth in 0.15% yield ; the substance had 
a toxicity to fish approaching that of rotenone. A second crystalline substance 
(m.p. 187-89°) was also obtained asa minor component. : 

The present paper presents an account of the investigation of the root-bark of 
Mundulea suberosa, obtained from Badami (Bombay Sate), through the courtesy of 
the Forest Utilization Officer, Poona. As a result of the present work, the 
following three crystalline products * have been isolated. 

* A preliminary note on the isolation of the products appeared in the J. Sci. Ind. Res., 1955, 14B, 424. 
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1. Munetone, C,,H,,0,; long prisms, m.p. 192-93°, yield 0.3% on the weight 
of the dry root bark. 

2. The substance C,,H,,0, ; m.p. 216-17°, yellow needles, yield 0.001%. 

3. The substance C,,H,;O ; m.p. 74-75°, colorless micronéedles, yield 0.002%. 


The best method for the isolation of these products was through chromato- 
graphy of the ether extractive of the root bark over alumina in anhydrous benzene. 
The usual methods of isolation through fractionation by different solvents resulted in 
all cases in the formation of dark coloured resins from which no crystalline product 
could be obtained. While the previous investigators (loc. cit.) made use of dilute 
alkali for the isolation of crystalline constituents from various parts of Mundulea 
suberosa, the present method avoids all such treatments and involves mildest 
possible operations. 

Munetone contains one methoxy group, It is optically inactive and does not 
exhibit any coloration with ferric chloride. It cannot be acetylaled or methylated. 
It forms an oxime but does not yield 2:4-dinitrophenylhydrazone derivative. 
It is insoluble in alkali and is unaffected with concentrated hydrochloric acid. In 
couceutrated sulphuric acid it dissolves with a red colour. It shows a positive test 
with tetranitromethane and does not respond to Durham’s test for rotenoids. The 
Wilson boric acid test was also negative. N® coloration was produced by reduction 
of munetone with magnesium and hydrochloric acid, or with sodium amalgam and 
alcohol, but a yellow coloration was produced on addition of a few drops of H,SO, 
(conc.) toa glacial acetic acid solution of the substance. It could not be reduced 
with platinum oxide catalyst in ethyl acetate solution. It did not react with 
iodine and potassium (or sodium) acetate or with N-bromosuccinimide, but easily 
formed a dibromo derivative in CCI, solution. 

The yellow coloration produced by munetone with sulphuric acid and glacial acetic 
acid indicates that it may be an anthoxanthin, Dilute alkaline hydrolysis of munetone 
produces formic acid, characterised through the formaldehyde-chromotropic acid test, 
and a ketone (m.p. 128°) in about 93% yield. The detection of formic acid in the 
alkaline hydorlysate provided the clue of the possibility of an isoflavone constitution for 
the compound. The ketone was characterised through an oxime and was namied 
‘munetol’, It analysed for C,.H,,O, and developed a deep green coloration with ferric 
chloride-alcohol, Unlike munetone, the Wilson boric acid test is positive in the case 
of munetol, The Wilson boric acid test is indicative of the grouping (I). The negative 
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test with the parent compound shows the absence in munetone of a hydroxyl group at 
position-5, which is essential for this test in an isoflavone nucleus, Genistein, biochanin A, 
osajin etc. furnish positive test, whereas ¥-baptigenin, tetrahydro-osajetin dimethyl 
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ether etc. exhibit no colour in the W.lson boric acid test. ‘The fact that munetol shows 
this test is due to the closely related enolic system (II) as in the case of tetrahydro- 
osajetin dimethyl ether (Wolfrom et al., J]. Amer. Chem. Soc., 1941, 68, 1248) which also 
behaves similarly. The free hydroxyl group in position (a) of formula {II) is formed in 
the alkaline treatment. Further, on acetylation with acetic anhydride and sodium acetate 
for 3 hours at 145-50°, munetol affords a product (C,,H,,.0,, m.p. 227°) which evidently 
is not a simple acetyl derivative of munetol but agrees with the corresponding 


_¢cyclised 2-methylisoflavone structure. From this it can be deduced that munetol 


isa derivative of o-hydroxylphenylbenzyl ketone. The ultraviolet absorption spectra 
of munetone show the maxima at 263 muy (log ¢, 4.61) and 330 mp (log ¢, 4.03), which are 
characteristic of an isoflavone structure (Quart. Rev., Chem. Soc., 1954, 8, 71). 


From the above chemical and physical properties, the partial structure of munetone 
and munetol may be tentatively represented as: 


| AA cy | AZ | 
RtOH—KOH 
OCH, OCH; IV | 
Cc— CH < » 

Co +H.COOH — 
Munetone. Munetol 


Munetone does not appear to agree with any of the compounds, so far isolated from 
various parts of Mundulea suberosa. Preliminary experiments indicate munetone to be 
highly toxic to fish. Further work on the constitution of munetone is in progress. 


EXPERIMENTAL 


Isolation of the Crystalline Compounds.—The dried and powdered root-bark (480 g.) 
was extracted with ether at room temperature till the extract was colorless. The solvent 
was removed from the total dark coloured extract (2 litres) at a bath temperature of 40°. 
The resulting extractive was further dried under vacuum when a brown resinous 
material was obtained, which could be easily powdered. It was carefully dried in a 
vacuum desiccator over calcium chloride. The substance (48 g.) was dissolved in 
anhydrous benzene (600 c.c.) and the solution was passed through a battery of five 
columns of neutral alumina (BDH), each column containing 150g. of alumina. The 
substance was eluted with benzene and the light greenish yellow solutions, collected 
mostly from the middle fractions of the eluates, were combined together (750 c.c.).and 
the solvent removed completely under vacuum. The residue (about 8 g.), on extraction 
with petroleum ether (b.p. 40°-60°), yielded a yellow oil (4.8 g., 1%) which darkened on 
keeping anda very small quantity of a substance, crystallising from ethyl acetate in 
colorless microneedles, m.p. 74-75° (total yield 10 mg.). It showed no colour reaction 


with alcoholic ferric chloride solution. (Found: C, 80.1 ; H, 12.80. C,sH.sO requires 


C, 80.29; H, 12.58 per cent). The petroleum ether-insoluble fraction was dissolved in 


excess of alcohol and left in the cold room for 24 hours, when a yellow product was: 
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obtained in a very poor yield, crystallising from ethyl acetate in light yellow needles, 
m.p. 216-17° (total yield about 5 mg.) ; it showed no colour reaction with ferric chloride- 
alcohol. (Found: C, 68.14; H, 5.06. CgoH,,0. requires C, 67.79 ; H, 5.12 per cent). 

These two substances could not be obtained in sufficient quantity for their characteri- 
sation. The mother-liquor after removing the substance of m.p. 216-17°, on concentra- 
tion yielded the main crystalline constituent which was finally crystallised from a mix- 
ture of chloroform-alcohol and was obtained as rectangular prisms, m.p. 192-93° (total 
yield 1.45 g-). In subsequent experiments the substance of m.p. 216-17° was either not 
obtained at all or isolated in negligible amount. 

The best result for the isolation of munetone was obtained when the dry powdered 
ethereal extract of the root-bark was first treated with petroleum ether (b.p. 40°-60°) for 
a number of times and the petroleum ether-insoluble material was dried and chromato- 
graphed in the usual way. Following this method, it was observed that the 
particular light greenish yellow eluate, on removal of the solvent, deposited the 
crystalline munetone. 

Munetone was further chromatographed through alumina in benzene-petroleum 
ether but the melting point could not be raised. It is readily soluble in benzene, 
chloroform and ethyl acetate; fairly so in ether and acetone; sparingly soluble 
in methyl and ethyl alcohol and insoluble in petroleum ether. (Found: C, 74.98, 74.82; 
H, 5.78, 5.05; OMe, 9.04, 8.4. C3,HisO, requires C, 75.43; H, 5.43; OMe, 9.28 per cent). 

Oximation of Munetone.— Munetone (120 mg.) was dissolved in 98% alcohol 
(5 c.c.) and refluxed on a water-bath for 18 hours with hydroxylamine hydrochloride 
fo.5 g-) and fused sodium acetate (1 g.). The reaction mixture was cooled and poured into 
excess of cold water. The precipitated oxime was filtered, dried and crystallised from 
90% alcohol in colorless rectangular plates (100 mg.), m.p. 205°-210° (decoimp.). 
Repeated attempts to get a constant melting substance were unsuccessful. This 
may be due to the oxime being formed as a mixture of cis-trans. isomers. 
It showed no coloration with ferric chloride-alcohol. (Found: C, 71.9; H, 5.62; 
N, 3.8. C2:H,,O,N requires C, 72.19; H, 5.48; N, 4.01 per cent). 

Bromo Derivative of Munetone.—Munetone (100 mg.) was taken in CCl, (2 c.c.) 
and a solution of bromine in CCl, was slowly added till a distinct colour of 
bromine gersisted. On removal of the solvent and crystallising the residue from 
90% alcohol, the bromo compound was obtained as colorless prisms, m.p. 207° 
(decomp.), yield 90 mg. (Found: Br, 31.7. C2:H,s0,Br, requires Br, 32.3 per cent). 

Hydrolysis of Munetone to Munetol and Formic Acid.—Munetone (1 g.) was 
refluxed for 2 hours on a water-bath with 3% alcoholic potash (20 c.c.). The 
solution was cooled and acidified with dilute phosphoric acid, when the ketone 
(munetol) was precipitated. It was filtered, washed with water and dried ; yield 
of crude ketone, 0.93 g. On crystallising from 90% alcohol, it was obtained 
as light : yellow needles, m.p. 128°. It developed a deep green colour with ferric 
chloride-alcohol. (Found: C, 74.11, 73.76, 73.07; H, 6.5,6.67, 6.44. CooH20, 
requires C, 74.05 ; H, 6.22 per cent). 

The aqueous layer in the above operation was steam-distilled. The distillate 
gave positive test for formic acid when subjected to formaldehyde-chromotropic 
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acid test, which was carried out as follows: A few drops of the sample solution 
was mixed in a test tube with a drop of 2N-HCl ; magnesium powder was 
then added until no further gas was liberated. H,SO, (3 c.c.) anda little chromo- 
tropic acid were then added; the tube was heated for 10 minutes at about 60°, 
when a violet-pink colour appeared. Parallel periments with distilled water and 
very dilute formic acid were made for comparison. 

Munetol was also obtained on reductive hydrolysis of munetone with zinc dust and 
alkali in alcoholic solution. 

Oximation of Munetol.—A mixture of munetol (100 mg.), hydroxylamine hydro- 
chloride (200 mg.), fused sodium acetate (500 mg.) and 98% alcohol (7¢.c.) was 
refluxed ona water-bath for 8 hours. On working up the product, the oxime was 
crystallised from methyl alcohol as colorless prisms, m.p. 224° (decomp.), yield 
80mg. It gives a deep green colour with ferric chloride-alcohol. The oxime ou 
keeping darkens in colour asa yellow product. (Found : C, 71.04, 71.06; H, 6.17, 
6.16 ; N, 3.77, 3-5. CaoH2,0.N requires C, 70.78 ; H, 6.24; N, 4.13 per cent). 

Methyl Ester of Munetol.—A mixture of muneto! (200 mg.), anhydrous potassium 
carbonate (1 g.), acetone (ro c.c.) and dimethyl sulphate (4 c¢.c.) was refluxed for 
16 hours. The solution was cooled and poured into excess of water. The precipitated 
compound was filtered, dried and crystallised from 90% alcohol, when the methyl 
ester of munetol was obtained as colorless prisms, m.p. 139°, yield 150 mg. It showed 
no coloration with ferric chloride-alcohol. (Found:C, 74.27, 74.40; H, 6.86, 6.60. 
C.,H2.0, requires C, 74.53 ; H, 6.55 per cent). 

Acetylation of Munetol.—A mixture of munetol (100 mg.), fused coin acetate 
(x g.) and acetic anhydride (3 c.c) was refluxed at about 150° for 3 hours. Water was 
added to the cooled reaction mixture when the solid slowly precipitated, which 
‘was filtered and crystallised from methyl alcohol. ‘The methylisoflavone derivative 
was obtained as colorless clusters of needles, m.p. 227° (yield 40 mg.) and it showed 
no coloration with ferric chioride-alcohol. (Found: C, 75.35; H, 6.03. CosH2., 
requires C, 75.84 ; H, 5.79 pet cent). 

The author wishes to express his grateful thanks to Prof. R.C. Shah for his 
kind interest in the work. He is also thankful to Dr. G. D. Shah, Mr. V. S. Pamsare 
and Mr. V. N. Mulay for the microanalyses recorded in this paper. 
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STUDIES IN INDIGOID DYES. PART XIX. THIOINDIGOID DYES 
DERIVED FROM FLUORENE-2:7-DISULPHONIC ACID 


By ParESH CHANDRA Dutta AND DASRATH MANDAL 


The hitherto-unknown 2 :1-7 :8-fluoreno-bis-3’-hydroxy-1’-thiophene and its condensation products 
w.th o-diketones have been prepared with the object of studying the relation between colour and 
chemical constitution of thioindigoid dyes. 


In Part XVIII of the series a study of the thioindigoid dyes derived from 
fluorene-2-sulphonic acid has been made (this Journal, 1056, 38, 410). It was in 
view then to study similar thioindigoid dyes having two thioindigoid chromophores 
in the expectation that these dyes would be deeper in colour than the corresponding 
mono-thioindigoids. With this object, starting from fluorene-2:7-disulphonic acid 
{Annalen, 1912, 390, 210), an attempt has been made through the disulphochloride, 
dimercaptan and dithioglycollic acid, all unknown, to prepare the corresponding 
dithioindoxyl, 2:1-7 :8-fluoreno-bis-3'-hydroxy-1/-thiophene, by the cyclisation of 
the latter. ‘he attempt has been successful and as such the indoxyl, thus prepared, has 
been condensed with various o-diketones, and the desired dithioindigoid dyes have 
been obtained. Like other thioindoxyls, as aiready reported, this thioindoxyl also 
could not be obtained in a pure condition due to its susceptibility to oxidation. With 
alkaline potassium ferricyanide it produces a green solution, along with a green 
precipitate of the bis-indigo, but the yield of the latter is extremely poor. 

As compared with the mono-thioindigoids, obtained from fluorene-2-sulphonic 
acid, these dyes are much deeper in colour, but in view of the sparing solubility and 
insolubility in certain cases of these dyes in alkaline hydrosulphite, a light shade has 
invariably been obtained. These dyes, as usual, show colour reaction with H,SO, 
(conc.) and are also, like other similar such dyes, insoluble in alcohol, sparingly 
soluble in acetic acid, and highly soluble in nitrobenzene and pyridine. 

The structures of these compounds may be represented as : 


C=C \ =C 
{IJ 


D‘ketone. 


4—1914P—10 


O 
I H, 
(1) 


ExPERIMENTAL 


Fluorene-2 :7-disulphochloride.—Fluorene-2 :7-potassium disulphonate (78 g.) was 
mixed with PCI, (80 g.) and POCI, (25 c.c) and the mixture heated in an oil-bath 
at 140° for 2 hours when torrents of HCl fumes came out. The POCI, was then 
distilled off under reduced pressure and the residue treated with crushed ice and left 
overnight. The solid after powdering and thorough washing with water was dried. 
Vield of this crude product was 50 g. It was then crystallised from xylene, m.p. 
225°, yield 36 g. (Found: C, 42.89; H, 2.35. (C,,;H,O,CI,S, requires C, 43.0; H, 
2.2 per cent). 

- Fluorene-2:7-dimercaptan.—The above compound (4 g.) was reduced with tin 
and HCI (conc.) by heating for 30 hours. ‘The residue after filtering and washing 
with HCl and water, was extracted with benzene three times; the extract was dried 
over CaC!, and the benzene distilled off. The yellowish residue, thus obtained, was 
crystallised from alcohol as long white needles, m.p. 165°, yield 1.4.g. (Found: C, 
67.78; H, 4.41. CisHiS_ requires C, 67.82; H, 4.34 per cent). 

Fluorene-2:7-dithioglycollic Acid.—Fluorene-2 : 7-dithiol (17.2 g.) was treated with 
cold 10% NaOH (60 c.c.), filtered from a little insoluble matter, and the filtrate 
treated with monochloroacetic acid (14 g.), previously neutralised with caustic soda 
solution. Soon after the mixture had been heated on a water-bath, the whole 
solution solidified to a white cake. The heating was continued for an hour more to 
ensure complete reaction. Sufficient water was then poured inside and heated, 
whereby a complete solution was obtained. The hot solution after filtration was 
acidified with HCl till acid to Congo red when the thioglycollic acid separated out 
as a voluminous white precipitate. After cooling, it was filtered and washed. Yield 
of this crude product was 26.5 g. It was crystallised from alcohol as white needles, 
m.p. 216°. (Found: C, 59.1; H, 4.21. Ci;HisO,S, requires C, 58.96; H, 4.04 
per cent). 

2:1-7 (I).—Fiuely powdered fluorene- 
2:7-dithioglycollic acid (10 g.) was suspended in petroleum ether (b.p. 60°-80° ; 
roo c.c.) and to this PCl; (15 g.) was added. The mixture was then heated for an 
hour on a water-bath when fumes of HCl were given off and gradually a solution along 
with a little sticky matter was obtained. The clear solution after filtration was 
cooled in a refregerator when crystals of acid chloride, m.p. 103°, separated. 
These crystals were then redissolved in fresh petroleum ether (100 ¢.c.) by warming 
and treated with anhydrous AICI, (ro g.), and the mixture was heated ou a water-bath 
for about 15 hours, The petroleum ether was then poured out and the residue 
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decomposed by crushed ice and HCI (conc.). The crude yellowish sticky mass, thus 
obtained, was dissolved in acetic acid and. the clear acetic acid solution was used for 
condensation with various o-diketones, as described below.. In caustic soda solution 
it dissolves with a greenish colour and is separated by HCl as a white precipitate, 
soon becoming reddish due to oxidation. Its alkaline solution with potassium 
ferricyanide forms a green precipitate of the bis-indigo. 

2:1-7 :8-Fluoreno-bis-thiophene-3 :3-indol-indigo (Ila).—This compound was 
prepared by mixing together clear acetic acid solutions of isatin and fluoreno-bis-3’- 
hydroxy-1’-thiophene and heating the mixture with HCl (conc., 1 c.c.), when 
immediately a violet precipitate separated out. The heating was continued for 15 
minutes more to ensure complete reaction, and filtered hot. The residue was washed first 
with acetic acid and then with alcohol. It was recrystallised from a large volume of acetic 
acid as a violet crystalline mass, m.p. ebove 300°. It dissolves in pyridine and 
nitrobenzene with a deep violet colour and dyes cotton from yellow hydrosulphite vat 
in deep violet shade. It dissolves in H,SO, (conc.). with a violet colour. (Found: 
C, 69.57; H, 3.01. Cz;HisO.N.S, requires C, 69.71 ; H, 2.81 per cent), 

The other dyes were also prepared in the same way from acetic acid solution in 
presence of a small quantity of HCl but these were crystallised from nitrobenzene, - 
all melting above 300°. The properties of these dyes are summarised in Table I. 


Tasie I 


Structure o-Diktone. Colour of yveing Colour with Mol. Analysis. 
No. substance. shade. conc. H,SO,. formula. Found. Cale. 
IIb 5: 7-Dinitro- Dark Chocolate Bottle- N 11.32 11.23 

isatin chocolate green 
Acenaphthene- Violet Violet Green C:76.87 77.11 
quinone H: 3.01 282 
IId 3-Bromoacenaph- Do Light Do Cy, C :61.73 61.81 
thenequinone violet H: 2.29 2.01 
Ile 3-Nitro-acenaph- Dark Could Chocolate CH gOgN,S, C:67 44 67.58 
theneqttinone colour _not be dyed H: 2.31 2 19 
Phenanthrene- Do Do Do CysH C:78.18 78.26 
quinone H: 3.32 3-19 
IIg  Aceanthraquinone Chocolate Brown Brown C:79.58 79.67 
H: 3.17 2:98 
Glyoxal sodium Violet Greenish Violet C:68.54 68.67 
isulphite blue H: 2.67 2.41 
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INTERFACIAL TENSION AND MOLECULAR INTERACTION 
By Hemiata Kazi anp C. M. Desai 


loter‘acial tension measurements indicate molecular interaction through H- bond between iso- 
amyl] acetate and chloroform, aniline, methylaniline, methyl salicylate or isoamyl alcohol. Such an 
interaction is not-evident between fsoamyl acetate and benzene, nitrobenzene, chlorobenzene, toluene, 
heptane, carbon tetrachloride or dimethylaniline. It is also observed between isoamyl alcohol and 
dniline, methylaniline or chloroform, when two liquids are mixed in certain proportions. Palmitic 
and lauric acids, cetyl alcohol and citronelol indicate the same behaviour as that of isoamyl acetate, 
when mixed with isoamyl alcohol; so the fatty acid, alcohol or a constituent present in oil lemon 
should have a H-bond structure as that of isoamyl acetate. 


Some alcoliols and esters having unstable H-bond structure have been found to 
show increase in interfacial tension against very dilute soap solutions (Curr. Sci., 
1952, 21, 218; this Journal, 1953, 30, 209, 283). This anomalous increase in tension is, 
however, preceded by depression, when stiil more dilute solutions are employed (Science 
‘& Culture, 1954, 19, 609; this Journal, 1954, 81, 769). The peaks in tension-concentra- 
tion curves of different salt systems have been attributed to auto complex and complex 
formations (Curr, Sci., 1953, 22, 15; this Jowrnal, 1953, 30, 287, 421, 872; 1054, 31, 163, 
320, 415, 418, 633 640; Science & Culture, 1953, 18, 259). This phenomenon has been 
interpreted on the basis of sensitivity of H-bond structure of such liquids to electrical 
double layer reversal at the interface with change in electrolyte concentration (cf. 
this Journal, 1953, 30, 286 ; 1954, 31, 636, 769). 

The present investigation indicates that this phenomenon is also observed, when 
such a substance is mixed with different liquids in definite proportions, and further, 
that suck a characteristic mixture can be obtained from two liquids, even though 
each separately does not show such a behiviour. Explanation for such observations 
has been attempted on the basis of molecular interaction involving the formation of 
H-bond between the H-atom of one kind of liquid molecule and donor atom of a 
different molecule. Few and Smith (J. Chem. Soc., 1949, 753, 2663, 2781} showed 
that the molecular polarisation of aniline was much higher in dioxane than in benzene 
solution, and the difference between the values in the two solvents was found smaller 
for methylaniline and quite small for dimethylaniline. The high values. observed ‘for 
aniline and methylaniline have been explained on the basis of molecular interaction 
involving the formation of H-bonds between the amino H-atoms and one of - the 
oxygen atoms of the dioxane molecule. Molecular compound formation has also 
been shown by means of dielectric polarisation (Earp and Glasstone, ibid., 1935, 1709) in 
the type R.O.CHX;, due to the formation of H-bond between haloform hydrogen 
atom and the oxygen atom of ether. Similar molecular interaction was also observed 
between haloform and acetone or quinoline, the linkage being O...H for acetone and 
N...H for quinoline. Hammick et al. ( ibid., 1938, 1755) found that trimethylamine 
formed the complex with chloroform most readily, di-isopropyl ether less readily and 
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nitromethane, not at all, as a result of H-bond formation between the donor atom of 
the amine or ether and chloroform H-atom. ‘They further suggested that independent 
methods, besides polarisation measurements, must be used for determining extent 
of association. 

EXPERIMENTAL 


Liquids were purified by usual methods. Mixtures of isoamyl acetate (5 to 
95% by volume) were prepared with isoamyl alcohol, chloroform, methyl salicylate, 
aniline, methylaniline, benzene, cholorobenzene, nitrobenzene, toluene, heptane, 
CCl, and dimethylaniline each. Mixtures of isoamyl alcohol with chloroform, 
aniline, methylaniline, cyclohexanone, diphenyl oxide, palmitic and lauric acids, cetyl 
alcohol, citronelol (Schering Kahibaum), ethyl cyanoacetate or malonate were also 
prepared in different proportions. Interfacial tension of these mixtures was measured 
by the drop volume method against aqueous salt (CdI,, HgCl., or CuCl,) solutions 
of different concentrations. As the tension-concentration curves of amy] acetate-salt 
systems indicate depression at 0o.05x107* M and two peaks at o.5x10-°M and 
5.0x 107° M, the drop volumes, instead of tension values, can be also conveniently 
employed, and s> soine of the typical results are expressed in Table I. 


TABLE I 

Liquids indicating peaks at 0.5 x 10°3 M Liquids which do not show such peaks 

and 5.0x 1073 M of Cdl, or CuCl, or HgCly with salt solns. 

so'ns. 

(1) Amy! acetate. (1) Heptane, benzene, chlorobenzene, ri- 
trobenzene, toluene, carbon tetrachlo- 
ride or dimethylaniline. 

(2) Amyl acetate (19%) + CHCh, aniline, (2) Chloroform, aniline, methylaniline or 

methylaniline, methy! salicylate or isoamy] alcohol. 
isoamyl] alcohol. 

(3) Amyl acetate (60%) + heptane, (3) Amyl acetate (50%) + heptane, 
benzene, chlorobenzene, nitrobenzene, benzene, chlorobenzene, nitrobenzene, 
toluene, CCl, or dimethylaniline. toluene, carbon terachloride, or di- 

methylaniline. 

(4) isoAmyl alcohol (50%) + CHCl, (4) isoAmyl alcohol (70 %) + chloroform, 
methylaniline or aniline. methylaniline or aniline. 

(5) ésoAmyl alcohol (60%) + CHCl, (5) isoAmyl alcohol (50%) + diepheny! 
methylaniline or aniline. oxide or cyclohexanone. 

(6) isoAmyl alcohol (50%) + diethyl 


malonate or ethyl cyanoacetate. 
(7) Citronelol, 


(8) isoAmyl alcohol (90%) + citronelol, 
cetylalcohol, lauric acid or palniitic 
acid. 


The results indicate that mixtures of isoamyl alcohol, chloroform, methyl 
salicylate, aniline and methylaniline, each containing 10% or more of amyl acetate, show 
the same behaviour as the pure acetate ; while those of benzene, chlorobenzene, nitro. 
benzene, toluene, heptane, CCl, and dimethylaniline, each containing more than 
50% of the acetate, show such a behaviour. Mixtures of isoamy! alcohol with 
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ehloroform, aniline or methylaniline 50% each, behave similarly, though each of the 
liquids alone does not behave in a similar manner. However, this behaviour is not 
evident when one of the components in the mixture is less than 40%. 

It may be further added that mixtures of isoamyl alcohol and cyclohexanene or 
diphenyl oxide, when mixed in equal volumes, do not show the typical behaviour, 
while those with ethyl cyanoacetate or malonate do so. Mixtures of isoainyl alcoho! 
containing 10% of palmitic and lauric acids, cetyl alcohol or citronelol show the 
same characteristic behaviour as that of the mixture of isoamyl alcohol and isoamy] 
acetate, indicating thereby the H-bond stiucture of fatty acids, alcohol or the consti- 
tuent present in oil lemon. 

The observations which need explanation are: (a) why liquids of the isoamy] 
alcohol group differ in their behaviour from those of the benzene group and (b) why 
those of the former group, when mixed in equal volumes, show the typical behaviour 
of amyl acetate, even though each separately does not behave in such a manner, 

The liquids of the amyl alcohol group can form ivtermolecular complexes with 
amyl acetate involving the formation of H-bond between the hydroxy-, amino- or 
chloroform-H atom and the donor oxygen atom of the amyl acetate. Thereby, the 
proportion of molecular complexes, having H-boid structure, must be increasing to 
such an extent that it forms a sensitive interface, even when 10% of the ester is 
mixed with these liquids. ‘The molecular interaction between the liquids of the 
benzene group and amyl acetate involving H-bond formation between the oxygen 
atom of the acetate and H-atom of these liquids is not possible and so their mixtures 
do not show the phenomenon, unless the ester is in excess, When the proportion of ester 
is not in excess in mixtures prepared with liquids of benzene group or is 5% in those 
of amyl] alcohol group, the characteristic of H-bond structure is not evident, because 
the proportion of molecular complexes having H-bond must not be sufficient to build 
up an interface susceptible to electrical double layer reversal. When the liquids of 
the amyl alcohol group, viz. amyl alcohol, aniline, methylaniline or chloroform, are 
mixed with one another in equal proportion, the phenomenon characteristic of amyl 
acetate is observed as a result of intermolecular complex formation involving H-bond 
between the H-atom of one liquid molecule and the donor atom of the molecule of 
a different liquid. Such a complexing tendency is absent in liquids of the benzene 
‘group. 

The authors thank the College Authorities for the facilities. 
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A STUDY ON THE METAL COMPLEXES OF ETHYLENEDIAMINE 
TETRA-ACETIC ACID 


By RABInDRA LAL DutTTA AND PRIYADARANJAN Riy 


That ethylenediamine tetra-acetic acid (EDTA), usually a hexadentate ligand, can also function 
as a pentadentate one, has been established through the isolation of the mono-hydroxo-EDTA com- 
plexes of tervalent chromium and tervalent iron, in the form of their copper and nickel b/sbiguanidi- 
nium salts. The chromium complex was precipitated at Pu 7.6—7.8 and the iron complex at pa 8.8. 
Besides these, copper, nickel and manganous complexes of EDTA have also been isclated in the form 
of copper and nicke! bisbiguanidinium salts. The compounds are all stable and highly coloured. 


Ethylenediamine tetra-acetic acid (EDTA) has two basic nitrogen atoms and four 
carboxyl groups, and thus it can furnish six points of attachment to hexa-covalent metals 
like iron, chromium or cobalt, thereby making the metal co-ordinatively saturated as in 
(I). However, Schwarzenbach (Helv. Chim. Acta, 1949, 32, 839) has shown that this 
is not always the case and that it can sometimes function as a pentadentate unit, provid- 
ing space for a foreign unifunctional ligand within the co-ordination sphere as in (II), 
in which case the complex me‘al ion becomes binegative in its electrical character. 
Schwarzenbach (loc. cit.) has been able to introduce Br~ and NO,~ as foreign ligands in 
EDTA complexes with cobalt as the central atom. The normal EDTA complexes 


|~ 
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N-CH,-COO 

cu), 

\ 


— 
(I) 
[where M = Fe, Cr or Co and I, = Br, NO,, OH etc.] 


of tervalent chromium and iron also can behave in a similar manner. This is 
apparent from the colour change which they undergo with increasing ps. Thus, 
chromium-EDTA complex is violet in acid medium, but dark blue in neutral 
or alkaline solution. The Fe-EDTA complex is lemon-yellow in acid or neutral 
solution, but dark red in alkalise medium. These have been attributed to the 
formation of hydroxo-complexes (Schwarzenbach, loc. cit.; Hamn, J. Amer. Chem. 
Soc., 1953, 78, 5670). But none of these hydroxo-complexes could be isolated due, 
_ no doubt, to the excessive solubility of the salts, 
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The nickel and copper complexes of EDTA have also been isolated only in the form 
of the free complex acids, H, [Cu (C,o.H,:N.0,)] and H, [Ni(C,,F',,.N.0,)] (Brintzinger 
and Hesse, Z. anorg. allgem. Chem., 1942, 249, 113). 

With a view to obtaining more informations regarding these hydroxo-EDTA com- 
plexes and to exploring the possibility of preparing crystalline salts of the copper- and 
nickel-EDTA complexes, the present investigation was undertaken. The Na salt of neither 
the violet acid H [Cr (C,.H,2N.0,)] nor of the blue acid H,[Cr(C,,H,.N.Os) (OH)] 
could be isolated. Liven the heavy metal salts were much too soluble. It has, 
however, been possible to isolate the blue variety by precipitation with stable complex 
cations, such as copper and nickel bisbiguanidinium ions. ‘The dark blue chromium 
complex was precipitated at pn 7.6-7 8, whereas the dark red ferric complex at ‘px 8.8. 
The nickel, copper and manganous complexes also have beeu isolated in the form cf their 
copper and nickel bisbiguanidinium salts. It was further observed that hexammine 
cobaltic chloride or carbonatotetrammine cobaltic chloride were of little use for this pur- 
) pose. This furnishes an evidence in support of the assumption that the solubility of a 

salt decreases with the increasing equalisation of the cationic and anionic volumes, parti- 


cularly when they are large. 


Ex PERIMENTAL 


bisBiguanidinium chloride of Cu and of Ni were prepared by following the method 
of Ray and Bagchi (this Journal, 1939, 16, 618) and of R&y and Purkayastha (ibid., 
1941, 18, 218) respectively. 

Copper bisBiguanidinium Hydrox0-ethylenediaminotetra acetatochromiate.— Diso- 
dium salt of EDTA (~ 1.9 g., 1M) was dissolved in water {50 c.c.) and digested with an 
; excess of freshly prepared chromic acetate, derived from the oxidation of freshly 
prepared chromous acetate. [Our earlier attempts to prepare the chromic complex 

by refluxing freshly prepared Cr(OH), with EDTA led to difficulties in respect 
of removing the excess Cr(OH);, as it formed a colloidal suspension]. ‘The resulting 
dark violet solution was filtered and the filtrate was treated with dilute NaOH or 
NH,OH till the colour was distinctly dark blue (f/x 7.6-7.8). To this solution was 
added dropwise with constant stirring a concentrated solution of copper bisbiguanidinium 
chloride (1.9 g-, 1M), when a violet-blue silky precipitate was formed. This was 
filtered, washed with water and recrystallised from hot water. The product was finally 
washed with alcohol and dried in air. {Found: Cu, 8.66 ; Cr, 7.00 ; H,O (by loss at 
120°), 14.51; C, 23.34; H, 4.69. [Cu [Cr (OH)]. 6H,O 
requires Cu, 8.69 ; Cr, 7.11 ; H,O, 14.77 ; C, 22.90; H, 5.37 per cent}. The substance 
_ forms violet-blue soft needles, insoluble in cold water, but soluble in hot water. 


The analyses may, however, appear to approach the formula [Cu(C,N;H;),]- 
[Cr (Cio0H12N20.)] Cl. 6H,0, but we made sure that there was no chlorine, because, 
fusion with Na,O, and Na,CO,, followed by neutralisation and treatment with AgNO,, 
-did not show any silver chloride. 

Nickel bisBiguanidinium Hydroxo ethylynediaminotetra-acetatochromiate.—The 
dark blue chromium complex, obtained as described above, was treated under stirring with 
a concentated solution of nickel bisbiguanidinium chloride (1.8 g., 1 M), when a blue-violet 
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silky crystalline- precipitate separated from the solution. ‘This was filtered, washed with 
water and purified by recrystallisation from hot water as in the previous case. {Found : 
Ni,.8.19 ; Cr, 7.23 ; H,O (by loss at 110°),-12.76. [Ni (C,NsH;)2] [Cr 
(OH)]. sH,O requires Ni, 8.28 ; Cr, 7.34 ; H.O, 12.70 per cent}. The substance forms 
blue-violet soft needies, insoluble in cold water, but soluble in hot water. ‘This compound 
also did not show the presence of any chlorine. 

Nickel bisBiguanidinium Hydroxo-ethylenediaminotetra-acetatoferriate.—Disodium 
salt of EDTA (1.9 g., 1 M) was dissolved in water (50 c.c.) and the solution was refluxed 
with an excess of freshly prepared Fe(OH), for 3hours. The resulting dark red solu- 
tion (px 8.0) was filtered and then treated with dilute NaOH or NH,OH till the px rose 
to 8.8. This solution was then treated dropwise with a concentrated solution of nickel 
bisbiguanidinium chloride (1.8 g., 1 M) with stirring, when an orange-yellow precipi- 
tate was formed. ‘This was filtered, washed first with water, then with alcohol, and 
finally dried in air. This compound could not, however, be recrystallised, and showed 
slight traces of chlorine. {Found: Ni, 8.51; Fe 8.34 ; H,O ‘by loss at 110°), 7.93 ; 
C, 24.88 ; H, 4.93. [Ni (C,N;H,).] [Fe (OH) ]. 3H,O requires Ni, 8.68 ; 
Fe, 8.26 ; H,O, 7.88 ; C, 24.85 ; H, 4.88 per cent}. 

- On the othcr hand, when the ferric complex was precipitated at pa 7.0, the resulting 
product showed as much as 2.9% chlorine ; [Ni (C,N;H;).] [Fe (CioHi2N,0.)] Cl. 3H,0 
requires Cl, 5.11%. Thus at px 7.0, both the forms, H [Fe(C,o.H,,N,O,)] and 
H, [Fe remain in equilibrium in solution, and the biguanidinium 
salts of both the varieties, being insoluble, are precipitated together. 


A STUDY ON THE METAL COMPLEXES, ETC. 


Copper bisBiguanidinium Hydroxo-ethylenediaminotetra-acetatoferriate.— The 
dark red EDTA-ferric complex, as described above, was treated with copper bisbiguanidi- 
nium chloride solution (1.9 g., 1 M) dropwise with stirring, when a reddish brown preci- 
pitate separated out. This was filtered, washed and dried as usual. {Found: Cu, 8.76; 
Fe, 7.66 ; HO (by loss at 110°), 12.66. [Cu ‘C,N;H,)2] [Fe (CioHi2N20s) (OH)]. 5H.O 
requires Cu, 8.86 ; Fe, 7.79; H,O. 12.55 per cent}. The compound could not be recrys- 
tallised, and it showed slight traces of chlorine. 


; When, however, the copper bisbiguanidinium chloride was added to the ferric c‘: 
plex at fu 7.0, the product gave as much as 2.7% Cl, showing that both the forms, 
H [Fe (C,,H,2N.0,)] and H, [Fe (C,,H,,N.0s) (OH)], remained in equilibrium. 

Copper tisBiguanidinium Ethylenediaminotetra-acetatonickeloate.—Disodium salt 
of EDTA (1.9 g., 1 M), dissolved in water, (50 c.c.), was refluxed with an excess of 
freshly prepared Ni(OH), for 3 hours. The light blue neutral solution was filtered and 
the filtrate treated under stirring with copper bisbiguanidinium chloride (1.9 g., 1 M), 
when a rose-coloured precipitate separated out. ‘This was filtered and recrystallised 
from hot water. The crystals were first washed with water, then with alcohol and 
finally dried in air. They form beautiful rose-red needles, slightly soluble in cold water, 
but highly soin hot water. {Found: Cu, 8.51 ; Ni, 7.87 ; H,O (by loss at 110°), 17.11; 
C, 23.24; 4.00. [Cu [Ni requires Cu, 8.60; Ni, 
7.99 ; H,O, 17.05 ; C, 22.74 ; H, 5.41 per cent}, 
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Nickel bisBiguanidinium pale biue 
solution of the EDTA-nickel complex was treated dropwise under stirring with a solution 
of nickel bisbiguanidinium chloride (1 8 g., 1 M). The resulting yellow precipitate was 
filtered, washed and recrystallised from hot water. ‘The product was dried as usual. 
It forms pale yellow flakes, slightly soluble in cold water, but readily solub'e in hot 
water. {Found: Ni, 16.09; H,O (by loss at rro°), 16.79. [Ni (C.N;H;)s]- 
[Ni (C,.H,.N,0,)]. 7H,O requires Ni, 15.99 ; H,O, 17.16 per cent}. 

Copper bisBiguanidin um Ethylenediaminotetra-acetalocupriaie.—Disodium salt 
of EDTA (1.9 g., 1 M), dissolved in water (50 c.c.), was digested on the water-bath with 
an excess of freshly prepared Cu(OH), (washed nearly free from impurities) for 3 to 4 
hours. The px of the solution was adjusted to 7. This solution was then filtered and 
treated dropwise under stirring with an excess of copper bisbiguanidinium chloride solu- 
tion. An ash-violet precipitate, contaminated with some copper bisbiguanidinium 
sulphate (from traces of sulphate retained by the copper hydroxide), separated from the 


solution. ‘This was then dissolved in hot water and filtered to remove insoluble copper 


bisbiguanidinium sulphate. On cooling the filtrate, fine, needle-shaped, ash-violet crys- 
. tals of the pure compound separated. ‘These were dried as usual. {Found: Cu, 19.64 ; 
H,O (by loss at 110°), 5.74; C, 25.89; H, 4.37- [Cu (C.NsH;)2] [Cu 
2H,0O requires Cu, 19.45 ; H,O, 5.51 ; C, 25.70; H, 4.58 per cent}. 

Nickel bisBiguanidinium When the 
deep blue solution of the EDTA-copper complex was treated with an excess of nickel 


bisbiguanidinium chloride solution, a rose-coloured precipitate, contaminated with small 
amounts of orange-yellow nickel bisbiguanidinium sulphate, separated out. This was 
filtered and purified by recrystallisation from hot water. {Found: Ni, 7.89; Cu, 8.65; 
H,O (by loss at rro°), 17.08. [Ni (C,N;H;),] [Cu (C,.Hi2N,0,)]. 7H,O requires Ni, 
7:99 ; Cu, 8.60 ; H,O, 17.05 per cent}. The substauce forms light rose-coloured soft 
needles, slightly soluble in cold water, but readily in hot water. 

Copper bisBiguanidinium Ethylenediaminotetra-acetato-manganese (I1). —Diso- 
dium salt of EDTA (1.9 g., 1 M), dissolved in water (soc.c.), was digested with an excess 
of freshly prepared MnCO;. The pale yellowish pink solution was fiiterred and its ba 
adjusted to 7. This was then treated with copper bisbiguanidinium chloride solution 
(1.9 g.), when a rose-coloured crystalline precipitate was formed. The crystals were 
filtered, washed with water, and finally purified by recrystallisation from hot water. The 
substance forms rose-red shining crystals. {Found: Cu, 8.85 ; Mn, 7.61 ; H,O (by loss 
at 110°), 15-26 ; C, 24.00 ; H, 5.29. [Cu (C,N;H,).] [Mn requires 
Cu, 8.86 ; Mn, 7.66 ; H,O, 15 06; C, 23.43 ; H 5.3 per cent}. 

Nickel bisBiguanidinium Ethylenediaminotetra-acetato-manganese (II).—A_ solu- 
tion of the manganous complex, obtuined as described above, was treated dropwise under 
stirring with nickel bisbiguanidinium chloride (1.8 g., 1M). A dirty yellow crystalline 
precipitate separated from the solution. ‘This was filtered, wash-d and purified by 
recrystallisation from hot water. The product forms light yellow shining crystals. 
{Found: Ni, 8.55; Mn, 8.01; H,O (by lossat 110°}, 1085. [Ni(C,N H;),] [Mn- 
(CyoH,2N30s)].4H2O requires Ni, 8.68 ; Mn, 8.12 ; HO, 10.65 per cent}, 
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A NEW SERIES OF SALTS OF HEXAFLUOROALUMINATE 
By GRIHAPATI MITRA 


A new series of salts of hexafluoroaluminate group has been isolated. These compounds can be 
represented by the general formula: M’M’AIFs, 6H,O (where M’ = NHy, TI', Rb, K, etc. and 
M” = Cu, Ni, Zn, Cd, etc,). The corresponding sodium salts crystallise with four molecules of water. 
These sodium salts are also more soluble than the other salts. In chemical composition and in the 
order of solubility these compounds thus resemble the well kuown Schonite series. The compounds are 
prefectly stable under the ordinary laboratory conditions and they form very good crystals. Crystalline 
overgrowths have been observed in some cases. This fact suggests that like the Schonite series, the 


- salts in this series also are isomorphous. 


Aluminium gives rise to a few complex ions with fluorine. ‘The whole series 
starting from [AIF]** to [AIF,]*~ has been studied in solution Biosset, Chem. 
‘Abs., 1043, 87, 138). Im the solid state, however, only salts of [AIF,]~, [AIF,]** 


‘and [AIF,]** groups have been isolated. Of these ions, the [AIF;]*-group, 


where aluminium is situated at the centres of regular octahedra with the 
corners shared, is the most symmetrical one (Brosset, Z. anorg. allgem. Chem., 
1937, 2858, 130). The arrangement of the electrons is most suitable for d’sp* 
hybridisation in [AIF,]*~ ion, but the [AIF,]** group in cryolite has been found to 
be somewhat distorted, and only storngly electropositive metals, such as the alkali and 
the alkaline earth metals, can afford salts with [AIF,]** ion. The pentafluoroaluminate 
ion, on the other hand, gives rise to salts with a good number of metals. No salts of the 
metals such as, Cu, Ni, Zr, etc., with the hexafluoroaluminate ion are known. 


Attempts were made in this laboratory to isolate salts of hexafluoroaluminate 
ion with metals of the copper magnesium family. Each time a mixture of acid fluorides 
of the metals and the salts of the general type M’ All’, was obtained. A new series of 
compounds of the general type M’M’AIF,. 6H,O (where M’ = K, NH,, Rb, Cs, TI’, 
but not Na*, and M”’ = Cu**, Cd‘*, Zn** etc.) has, however, been isolated. 


The corresponding sodium salts crystallised with four molecules of water. It may 
be mentioned in this connection that the Schonite series or Tutton’s salts also behave 
similarly. 

Wells (‘Structural Inorganic Chemistry’, Oxford Univ. Press, N.Y.) considers 
that the stable co-ordination number of aluminium with respect to fluorine is six. It is 
possibly due to some structural factors that no compound of the heavy metals with the 
hexafluoroaluminate ion was isolated previously. In the present paper the methods of 
preparation and properties of similar compounds with the general formula M’M’AIF,, | 
xH,0O have been described. 


ExPERIMENTAL 


Fluoritie was estimated as CaF, and also as PbCIF. The metallic constituents were 
estimated after complete removal of the fluoride ion. ‘The common methods wete 
adopted for the determination of the percentage of the metals, 
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Methods of Preparation.—These compounds were prepared very easily. Requisite 
quantities of the three metallic carbonates, basic carbonates or the hydroxides were 
dissqlved in hydrofluoric acid (about 10%), and heated to 80% in a platinum basin. 
A little excess of hydrofluoric acid sometimes helps the formation of these compounds. 
The solutions were then filtered, concentrated on a water-bath and allowed to crys- 
tallise in a vacuum desiccator. The insoluble alkali metal hexafluoroaluminates are 
usually precipitated down at first. The solutions were therefore filtered from time to 
time and the filtrates were allowed to crystallise. For the isolation of the sodium salts, 
the solutions were allowed to crystallise at a low temperature (10°). The preparation 
of the potassium salts was attended with maximum difficulties; addition of a few drops 
of ainyl alcohol during the process of crystallisation was found to be more satisfactory. 

Iron was easily converied into the ferric state in the presence of fluoride ion and so. 
during the preparation of the iron compound, a few scarps of reduced iron were left 
in the solution. The following compounds were isolated : 

Sodium copper hexafluoroaluminate tetrahydrate : (Found: Cu, 21.25; Al, 8.96; 
F, 37.68. NaCuAlF,.4H,O requires Cu, 21.22 ; Al, 9.02; F, 38.05 per cent). 

Potassium copper hexafluoroaluminate hexahydrate: (Found: Cu, 18.00; K, 
11.01 ; Al, 7.58; F, 32.33; lossin wt. at 110°, 30.62. KCuAIF,.6H,O requires Cu, 
18.08 ; K, 11.11 ; Al, 7.66; F, 32.41 ; loss in wt., 30.73 per cent). 

Ammonium copper hexafluoroaluminate hexahydrate: (Found: Cu, 19.20; Al, 
7.00; NH;, 5.04; F, 34.38. NH,CuAlF,.6H,O requires Cu, 19.23 ; Al, 8.16; NHs, 
5.15; F 34.47 per cent). 

Rubidium copper hexafluoroaluminate hexahydrate: (Found: Cu, 16.08; Al, 
6.72; F, 28.53. RbCuAIF,.6H,O requires Cu, 15.973 Al, 6.66 ; F, 28.63 per cent). 

Potassium zinc hexafluoroaluminate hexahydrate: (Found: Zn, 18.42; Al, 7.6; 
F, 32.16. KZnAIF,.6H,O requires Zn, 18.49; Al, 7.63; F, 32.24 per cent). Loss 
in wt. by the anhyd. salt at 120°, 30.66. (calc. loss in wt. for the anhydrous salt, 30.58). 

Ammonium zinc hexafluoroaluminate hexahydrate: (Found: Zn, 19.23; Al, 8.32; 
NH;, 5.03; F, 33.98. NH,ZnAIF,.6H,O requires Zn, 19.61 ; Al, 8.39; NHs, 5.12 ; 
F, 34.29 per cent). 

Potassium cadmium hexafluoroaiuminate sianiaiiienes (Found: Cd, 28.13; Al, 
6.61; F 28.17. KCdAIF,.6H,O requires Cd, 28.05; Al, 6.73; F, 28.47 per cent). 
Loss in wt. at 120°, 26.62 (calc. for the anhydrous compound, 26.99%). 

Ammonium cadmium hexafluoroaluminate hexahydrate: (Found: Cd, 29.36; Al, 
7.00 ; NHs, 4.41; F, 29.81. NH,CdAIF,.6H,O requires Cd, 29.61 ; Al, 7.11 ; NH;, 
4.49 ; F, 30.03 per cent). 

Ammonium iron hexafluoroaluminate hexahydrate : (Found: Fe, 16.89; Al, 8.33; 
NH,, 5.20; F, 35.13. NH,FeAlF,.6H,O requires Fe, 17.293 Al, 8.54; NHs, 5.27; 
F, 35.29 per cent). ' 

Ammonium cobalt hexafluoroaluminate hexahydrate: (Found: Co, 17.83; - Al, 
8.50; NHs, 5.13; F, 34.71. NHiCoAIF,.6H,O requires Co, 18.02; Al, 8.55; NH, 
5.22 ; F, 34.96 per cent). : 

Sodium nickel hexafluoroaluminate tetrahydrate : (Found: Ni, 19.72; ; Al, B91 5 : 
F, 38.42. NaNiAlF,.4H,O requires Ni, 19.92 ; Al, 9.15 ; F, 38.68 per cent). © 
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Potassium nickel hexafluoroaluminate hexahydrate : (Found: Ni, 16.83 ; K, 11.03 ; 
Al, 7.633 F. 32.69. KNiAlF,.6H,O requires Ni, 16.92; K, 11.27; Al, 7.77; F, 
32.86 per cent). Loss in wt. at 120°, 30.91 (calc. for anhydrous compound, 31.16%). 

Ammonium nickel hexafluoroaluminate hexahydrate: (Found: Ni, 17.87; Al, 
8.13 ; NHs3, 5.38; F, 34.72. NH,NiAIF,.6H,0 requires Ni, 18.01; Al, 8.28; NHs, 
5.54; F, 34.09 per cent). 

Thallium nickel hexafluoroaluminate hexahydrate: (Found: Tl, 39.38; Ni, 11.38; 
Al, 5.09; F, 22.20. TINiAIF,.6H,O requires Tl, 39.90; Ni, 11.46; Al, 5.27; F, 
22.26 per cent). 

General Properties—The compounds isolated are crystalline and stable under 
normal conditions. On long exposure to the atmosphere the compounds slowly lose 
water and are converted into a white powdery mass. At high temperatures (above 80°) 
the compounds start losing water molecules. The substances left after heating the com- 
pounds to 100° are insoluble in water. ‘This fact indicates that the compounds are con- 
verted into the fluoroaluminates of the alkali metals. The iron salt is most susceptible 
to decomposition in the presence of water vapour. Moist air easily turns this compound 
brown. The individual colour of the respective divalent metal ions are maintained in 
the compounds. 

The sodium salts are highly soluble. The other compounds are also fairly soluble 
in water. Some of the insoluble alkali metal hexafluoroaluminates were precipitated at 
first when the compounds were redissolved in water. The precipitation is maximum 
in the case of the potassium salts. 

Crystalline overgrowth has been observed in connection with a good number of salts 
(e.g: NH,CuAlIF,.6H,O on NH,ZnAlF,.6H,0 ; TINiAIF,.6H,O on NH,ZnAlF,.6H,(©). 
This fact proves that like the alums and the Schonite salts, the whole series of com- 
pounds in this case are possibly isomorphous to one another. 

The anomalous behaviour of sodium, apart from potassium and ammonium, has been 
observed in the case of the double salts before. This fact is once more recognised here. 
It is of interest to note that in the Tutton salts also, the corresponding sodium salts ate 
most soluble and crystallise with four or two molecules of water. : 

, ‘The Cryolite is almost insoluble in water, The solubility of the sodium salt of 
this series suggests that in solution the ionisation possibly takes place as : 
NaM’AIF, — Na* + [M’AIF,]~. 
This complex anion then undergoes further dissociation as 
[M"AIF,]~ — M?* + [AIF,]*~. 

Similar observations have been made in connection with the triple cyanides like 
M’,M’Fe(CN),, where it has been established that the cyanide groups are attached to 
both the iron atom as well as the other divalent atom {Keggin and Miles, Nature, 1936, 
187, 577). 

‘The author acknowledges his indebtedness to Prof. P. Ray, Director, Indian Associa- 
tion for the Cultivation of Science, for his kind interest during the progress of the work, 
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BROMINATION OF COMPOUNDS CONTAINING TWO AROMATIC NUCLEI. 
PART XVII. BROMINATION OF SOME ARYLAMIDES OF 2-HYDROXY- 
4-METHYLBENZOIC ACID (m-CRESOTIC ACID) 


By Mrs, V. R. Patakoot AND G. V. JADHAV 


Bromination of anilide, o-, m-, p-toluidides, o-, m-, p-nitroanilides, 0-, p-anisidides, p-phenetidide 
and #-naphthviamide has been carried out in presence of acetic acid and with liquid bromine. The 
constitutions of the bromo derivatives have been arrived at by their hydrolysis and identifying the acidic 
and basic components obtained. 


Jadhav and Aslam (this Journal, 1947, 25, 201) brominated the aryl esters of m-cresotic 
acid and observed that bromine entered the acidic part only in presence of the solvent. 
It was with liquid bromine only that bromine was found to enter both the nuclei. 


The present work was taken up with a view to studying the effect of the basic group 
like arylamino in place of the phenolic group towards bromination. It has been found 
that whenever mono-bromo derivatives are formed, bromine is found to enter the acidic 
part, which shows that the acidic part is more reactive than the basic one. 

Whenever a dibromo derivative is formed, either with more solution or with liquid 
bromine, the latter is found to enter the basic part also except in the case of m- and 
p-nitroanilides, where it is found to enter the acidic part only. 

With liquid bromine, however, higher bromo derivatives are obtained with bromine 
in both the nuclei. 

The constitutions of the bromo derivatives have been arrived at by hydrolysing 
them with alkali or 80% sulphuric acid and identifying the basic and acidic components. 


ExPERIMENTAL 


Broimnation in Acetic Acid Medium.—This was carrried out in boiling solution 
in the saine way as was done in the case of arylamides of the o-cresotic acid in Part XVI 
(this Journal, 1956, 38, 143) except in the case of anilide, o-nitroanilide and p-anisidide, 
where the addition was done at 70°-80°. Bromo derivatives are described in Table I. 

Bromination with Liquid Bromine.—This was carried out at room temperature in 
the same way as in the case of the arylamides of o-cresotic acid (loc. cit.), except in 
the case of o-nitroanilide and p-anisidide, where the reaction mixture wes boiled on a 
boiling water-bath for 4 hours and then left at room temperature The bromo deriva- 
tives are described in Table II. 


Hydrolysis.—(a) The bromo derivatives marked with an asterisk were hydrolysed 
with NaOH solution in the same way as described in the case of o-cresotic acid derivatives 
(loc. cit.) except in the case of m-toluidide and o- and m-nitroanilides, where benzene 
was used for extracting the base. The free base was identified by mixed melting point 
in the case of compounds marked ¢ and through their acetyl derivatives in the case of 
compounds marked witht. 
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The acidic component obtained from the alkaline filtrate on acidification was 
identified by mixed melting point with an authentic specimen. The bromo derivatives 
marked (**) were hydrolysed with 80% H,SO, and worked out in the same way as 
was done in the case of some bromo derivatives of o-cresotic acid (loc. cit.). 

The bromo-acid was identified through mixed melting point with a genuine 
specimen, and the base was identified by mixed melting point in the case of com- 
pounds marked ({) and through their acetyl derivatives in the case of compounds 


markedt. 
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INTERACTION OF THIONYL CHLORIDE AND NAPHTHOLS IN 
PRESENCE OF FINELY DIVIDED COPPER 


By V. G. KuLKARNI AND G. V. JADHAV 


Interaction of thionyl chloride and a-naphthol in presence of finely divided copper in’ ethereal 
solution furnishes 4:4’-dichlorodinaphthyl-1 sulphide (I) and 4:4’-dihydroxydinaphthyl-1-sulphide (II), 
whereas 8-naphthol under similar conditions affords 2:2’-dihvdroxydinaphthyl-r-sulphide (III). The 
dibromo, diacetoxy, dibenzoyloxy and dimethoxy derivatives of (II) as wellas their nitration products 
are described. 


When thionyl chloride was allowed to react with «-naphthol in presence of finely 
divided copper in ethereal solution, two products were formed, both being insoluble in 
ether. The solid, left after removal of ether and excess of thionyl chloride, was first 
extracted with alcohol. The paste left after removal of alcohol was extracted with 
benzene, when one product (I) remained insoluble, which was found to contain chlorine 
and sulphur, and it was not soluble in alkali. 

The brown paste, obtained after removal of benzene, was treated with sodium carbo- 
nate when a yellow solid (II) was obtained containing sulphur only. It was soluble 
in alkali and it afforded diacetoxy, dibenzoyloxy and dimethoxy derivatives. 

With bromine, (II) afforded a compound containing both bromine and sulphur. 
The dibromo sulphide on treatment with fuming nitric acid furnished a compound which 


was found identical with 2-bromo-4-nitro-1-naphthol, prepared according to Hodgson ~ 


and Elliot (J. Chem. Soc., 1935, 1852), by mixed m.p. 

_ When fuming nitric acid was allowed to react at 100° with (II), it afforded 4-nitro-1- 
naphthol, identical with the one prepared according to Deninger (J. prakt. Chem., 1880, 
40, 300). The sulphide (II) was therefore assigned the constitution 4 :4’-dihydroxy- 
dinaphthyl-1-sulphide. As (I) did not contain the hydroxy group but chlorine, it was 
assigned the constitution 4:4’-dichlorodinaphthyl-1-sulphide. The same sulphide (II) was 
also formed when «-naphthol was allowed to react with sulphur monochloride or sulphur 
dichloride in ethereal solution only for 1 hour. Airan and Shah (this Journal, 1945, 22, 
359) carried out this reaction, but could not isolate any product in the case of sulphur 
dichloride reaction and the product they obtained with the monochloride had m. p. 212° 
to which they assigned the formula C,,H,,0,S.. Onufrowicz (Ber., 1890, 28, 3368) has 
reported the formation of trisulphide by the action of sulphur monochloride in benzene 
solution at 0°. No such higher sulphides could be isolated in the present work. 

When £-naphthol in ethereal solution was allowed to react with thionyl chloride in 
presence of copper, a compound (C,,H,,0,S) melting at 220° was obtained. It was found 
identical with the mono-sulphide described by Airan and Shah (J. Univ. Bombay, 1940, 9, 
Part III, 120 ; 1942, 10, Part IV, 129 ; this Journal, 1945, 22, 363) and also by Henrique 
(Ber., 1894, 27, 2908) although these authors recorded its m.p. as 212°. It 
showed no depression in m.p. with the substance prepared according to the method 
of Henrique (loc. cit.). 
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ExPERIMENTAL 


4:4’-Dichlorodinaphthyl-1-sulphide (I).—Thionyl chloride (5 c.c.) was added to 
the mixture of a-naphthol (5 g.), copper powder (4 g.) and dry ether (30 c.c.), kept in a 
cold-water bath. The reaction was allowed to proceed for 1 hour, with ovcasional shak- 
ing. Ether and the excess of thiony! chloride were filtered off and the residue was well 
washed with dry ether. The residue was then extracted with alcohol. The paste, 
obtained after removal of alcohol, was boiled with benzene when a greenish solid (I) 
remained behind and a brownish paste was obtained after removal of benzene. (I) was 
found insoluble in alkali. It crystallised from alcohol but the crystals did not melt up to 
300°, yield 0.4 g. (Found: C, 67.3; H, 3.5; Cl, 19.8; S, 9.05. CsoH,,Cl,S requires 
C, 67.6 ; H, 3.38 ; Cl, 20.0 ; S, 9.01 per cent). 

It is insoluble in acetic acid, carbon disulphide, chloroform, benzene and ether, 
sparingly soluble in acetone and fairly soluble in alcohol. 

4:4’-Dihydroxydinaphthyl-1-sulphide (II).—The brownish paste in the above ex- 
periment was triturated with sodium carbonate solution when a yellow solid was obtain- 
ed. It crystallised from benzene, m.p. 118-19°, yield 2g. It is soluble in alkali and 
in most of the common solvents except acetic acid and ether. (Found: C, 75.1 ; H, 
4.2; S, 10.3. C..H,,0.S requires C, 75.48 ; H, 4.4 ; S, 10.07 per cent). 


The same sulphide (II) was formed when «-naphthol (5 g.) was allowed to react 
with sulphur monochloride or sulphur dichloride (5 c.c.) in presence of dry ether 
(30 c.c.). The paste, obtained after removal of ether and the excess of sulphur chloride, 
was worked up as in the above experiment ; yield 2 g. in each case. 


Diacetyl derivative of (II) was prepared by boiling it for 1 hour with acetic anhy- 
dride in presence of pyridine. It crystallised from acetic acid, m.p. 235-36°. (Found: 
S, 8.04. C24H,,0,5 requires S, 7.9 per cent)s 


3:3°-Dinitro-4 :4’-diacetoxydinaphthyl-1-sulphide was formed when the diacetyl 
derivative of (II, 1 g.), suspendend in acetic acid {20 c.c.), was heated at 100° for half an 
hour with HNO, (conc., 20 c.c.) and then left overnight at room temperature, The solid 
' obtained on dilution was boiled with acetic acid and the residue was crystallised from 
a mixture of nitrobenzene and acetic acid, m.p. 250-51°. (Found: N, 5.5; S, 6.2. 
C.,H,,0,N.S requires N, 5 7 ; S, 6.5 per cent). 
Dimethyl ether of (II) was formed by heating on a boiling water-bath a mixture of 
(II, xg.) and dimethyl sulphate (10 c.c.) in presence of 10% NaOH solution (40 c.c.) 
for 4 hours. The product was crystallised from acetic acid, m. p. 140-41°. It was 
found insoluble in alkali. (Found: S, 9.36. C.,:His.S requires S, 9.25 per cent). It 
showed no lowering in m.p. when mixed with the substance prepared according to Loth 
and Michaelis (Ber., 1894, 27, 2544). . 
3:3’-Dinitro-4 : 4'-dimethoxydinaphthyl-1-sulphide was prepared in the same way as 
the dinitro derivative of the diacetyl derivative of (II). It crystallised from a mixture of 
nitrobenzene and acetic acid, m.p. 102-103° (decomp.). (Found: S, 7.22. C,,3H,.0,N,S 
requires S, 7.34 per cent). 
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Dibenzoyl derivative of (II) was obtained by benzoylating it in presence of pyridine, 
and heating the reaction mixture on a boiling water-bath for about 4 hours. It crystallis- 
ed from acetic acid, m.p. 194-95°. (Found: S, 6.2. C;,H.,0,S requires S, 6.08 per cent). 

3:3 -Dinitro-4:4'-dibenzoyldinaphthyl-1-sulphide was prepared in the same way 
as the other dinitro derivatives, described above. It crystallised from acetic acid, m.p. 
252-53°. (Found: S, 4.84. Css4H..OsN,S requires S, 5.19 per cent). 

3:3 -Dibromo-4 : 4’-dihydroxydinaphthyl-1-sulphide.—The sulphide (II, 1 g.) was 
added to liquid bromine (5 c.c.) and the mixture was left overnight at room temperature. 


It was then diluted with water and the solid separating was triturated with sodium bisul- 


phite solution and finally crystallised from acetic acid, m.p. 195-96°. (Found: Br, 33.8. 
C..H,,0,Br,8 requires Br, 33.58 per cent). 


4-Nitro-1-naphthol.—The sulphide (II, 1 g.) was suspended in H,SO, (conc., 
20 c.c.), fuming nitric acid (10 c.¢.) was added to it and the mixture was heated for 2 
hours on a boiling water-batk and then poured over crushed ice, when a yellow product 
separated. It crystallised from acetic acid, m.p. 164-65°. (Found: N, 7.2. Calc. for 
C,.H,O;N : N, 7.4 per cent). 

4-Nitro-2-bromo-1-naphthol was obtained from 3 : 3’-dibromo-4:4’-dihydroxydinaph- 
thyl-1-sulphide in the same way as 4-nitro-1-naphthol was obtained from sulphide (IJ). 
It crystallised from acetic acid, m.p. 235-36°. (Found: N, 5.1; Br, 29.8. Calc. for 
C,,.H,O;NBr : N, 5.22 ; Br, 29.85 per cent). It showed no lowering in m.p. when mixed 
with a genuine specimen prepared according to Hodgson and Elliot (loc. cit.). 

2:2'-Dihydroxydinaphthyl-1-sulphide (III).—Copper (4 g.) was added to the solution 
of 8-naphthol (5 g.) in dry ether (30 c.c.) and thionyl] chloride (5 c.c.) was then gradually 
added to it. After about half an hour, ether and thionyl chloride were removed 


(at room temp.) and the residue was extracted with alcohol. ‘The alcoholic solution 


furnished a solid on dilution with water.. This crystallised from acetic acid, m.p. 
220-21°, yield 3 g. (Found: S, 10.2. Cale. for C..H,,0.S : S, 10.07 per cent). 


It showed no depression in m.p. with the compound prepared according to Henrique 
(loc. cit.) by the interaction of 8-naphthol and sulphur monochloride in ‘chloroform 
solution. 

The same sulphide (III) was also obtained by the interaction of sulphur dichloride 
(4 c.c.) and B-naphthol (5 g.) in presence of dry ether (30 c.c.) below 15°, when a white 
solid separated in about 10 minutes. It was filtered, washed and finally crystallised 
from acetic acid, m.p. 220-21°, yield 3 g. 


ORGANIC CHEMISTRY LABORATORY, 
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SUBSTITUTION REACTIONS OF 2-ACETAMIDO-THIAZOLES. 
PART I 


By M. K. Rovur 


Substitution reactions of 2-acetamido-thiazoles with mercuric chloride have been studied 
with the introduction of chloromercuri group into the thiazole nucleus, and evidence furnished 
as to its position. By cleavage of chloromercuri group, the chloromercuri compounds have been 
converted into the corresponding 5-bromo-, 5-iodo-, 5-thiocyanato-thiazoles. 


In course of our studies on mercuration of sec.- and tert.- thiazolyl- 
amines, it was observed that the acetoxymercuri group entered the aryl 
nucleus without affecting the thiazole nucleus. This, however, encouraged us to study 
the effect of other mercurating agents like HgCl, on the thiazole nucleus. Since the 
amino group had to be protected by acetylation during mercuration, the investigation 
Provided scope to determine if amido group (like the amino group which is known 
to activate an aromatic molecule sufficiently for condensation reaction) might also 
be capable enough to bring about activation of the thiazole molecule. 


Mercuration actually occurred with HgCl., resulting in introduction of a chloromer- 
curi group. The chloromercuri group is assumed to substitute H of C;, on the basis 
of the following considerations. Evidence for the amino group in 2-position in 
2-aminothiazoles, activating t'ie carbon atom in  position-5, is provided by several 
experimental facts (Bogert and Chertcoff, J. Amer. Chem. Soc., 1924, 46, 2864; 
Ganapati and Venkataraman, Proc. Ind. Acad. Sci., 1945, 22A, 348 ; Beyer and Wolter, 
Ber., 1952, 85, 1077). Condensation with chlorosulphonic acid also occurs in the same 
position (Faith, J]. Amer. Chem. Soc., 1947, 69, 2063). This is according to expecta- 
tions, since it has been observed frequently that sulphur in cyclic union is the equivalent 
of CH= CH group, as is well illustrated in close parallelism in physical and chemical 
properties between the benzene and the thiophene series or between the thiazoles 
themselves and the corresponding pyridines. So the carbon atom at position-5 may 
be regarded to be in para position to the amino group in 2-aminothiazoles, and is 
therefore expected to take part in all condensation reactions. ‘These considerations may 
be safely extended to acetamido group placed in position-2. 

The chloromercuri group is, however, very labile and can be easily split off. 
Cleavage of chloromercuri group with Br,, I,, thiocyanogen (Na-thiocyanate and Br,) 
furnished the corresponding 5-bromo, 5-iodo and 5-thiocyanato compounds. ‘The 
§-thiocyanato compound was subsequently converted into 5-mercapto compounds. 


ExPERIMENTAL 


. 2-Amino-4-(8-naphthyl)-thiazole-—A mixture of 2-acetonaphthone (ro g.), iodine 
(14 g.) and thiourea (10 g.) was intimately mixed with 20-25 c.c. of benzene and heated 


° 
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with and for some time without the condenser on the water-bath for about 16 hours. In 
order to remove iodine and excess of the ketone, ether was added, left overnight and 
ether decanted off. The residue was then extracted with boiling water two or three 
times and filtered hot each time. To the hot filtrate excess of ammonia was added, 
when a gummy mass was obtained which solidified on keeping overnight. A yellowish 
hard solid mass was obtained which was filtered. ‘The solid was recrystallised from 
alcohol and dried, m.p. 135°, yield 82.7%. (Found: N, 12.48; S, 14.12. CisHioN;S 
requires N, 12.38; S, 14.16 per cent). 


2-Acetamido-4-(B-naphthyl)- thiazole-—2-Amino-4 - (8-naphthyl)-thiazole (5 g.) was 
taken ina dry flask and sufficient acetic anhydride was added to dissolve it. The 
mixture was heated gently under reflux. After an hour's heating, the mixture was 
poured into cold water when a gummy mass was obtained. The supernatant liquid was 
decanted off and ammonia was added tothe gummy mass and left overnight. It was 
filtered and dried, m.p. 284°, yield 87.7%. (Found: S, 12.08. CisH,,ON3S requires 
S, 11.94 per cent). 

5-Chloromercuri-2-acetamido-4-(8-naphthyl)-thiazole-—To the acetylated compound 
(1.5 g.), dissolved in alcohol (20 c.c.), mercuric chloride (3 g.) in 25 c.c. of water was 
added along with sodium acetate (3 g.). The mixture was refluxed for 4 hour over a small 
flame, cooled and filtered. ‘The solid was transferred to a beaker and was heated with 
alcohol and dried; yield 65%, m.p. 160°. (Found: Hg, 39.36. C.sH,,0,NS.HgCl 


requires Hg, 39.88 per cent), 

5-Bromo-2-acetamido-4-(8 naphthyl)-thiazole-—A mixture of the mercurated com- 
pound (x g.) and methanol (14.5 c.c.), saturated with sodium bromide, was treated with 
bromine (0.7 g.). After 15 minutes, some sodium sulphite was added, the mixture 
heated to boiling and filtered. The filtrate was diluted with an equal volume of 
water and concentrated to about 5c.c. Water was added to the solution and the solid 
separating was crystallised from acetic acid ; yield 65%, m.p.135°. The product 
showed positive test for bromine and negative for mercury. (Found: Br, 23.45 ; S, 9.12. . 
C,;H,,ON,BrS requires Br, 23.05 ; S, 9.22 per cent). 


5-Iodo-2-acetamido-4-(8-naphthyl)-thiazole.—A mixture of the mercurated compound 
(4 g.), KI (1.1 g.), water (about 8 c.c.) and iodine (0.36 g.) was triturated and 
filtered. The residue was transferred toa beaker, treated with alcohol (30 c.c.) and 
filtered. The filtrate was concentrated to 15 ¢.c. On cooling, crystals of 5-iodo 
compound separated out, m.p. 132°, yield 55%. (Found: I, 32.81. C,sHi,ON,IS 
requires I, 32.23 per cent). 

§-Thiocyanato-2-acetamido-4-(8-naphthyl) thiazole-—To a mixture of the mercura- 
ted compound (1.2 g.) and sodium thiocyanate (0.65 g.) in 20c.c. of acetic acid, a 
solution of bromine (0.58 g.) in acetic acid (10 c.c.) was added. The mixture was 
allowed to stand for about 15 minutes and then filtered. Approximately 35 c.c. of 
water was added to the filtrate and the mixture was evaporated to dryness. The residue 
was crystallised from methanol, m.p. 300°, yield 60%. (Found:N, 12.75; S, 20.08. 
C,.6H,,ON;S, requires N, 12.92 ; S, 19.69 per cent). ; 
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Taste I 


Nature of the 2-Acetamido-4-aryl-5-thiazole 2-Acetamido-4-aryl-5-bromo- 
substituent. mercuric chloride. « thiazole. 


M.P. % Mercury. M.P. % Halogen. 
Found. Calc. Found. Calc. 


Phenyl 44-52 44.28 185 27.42 26 93 


p-Methoxypheny! 41.28 41-53 24.02 24.46 
2-Thienyl 43-25 43-57 ~ 26.92 27.30 


TABLE II 


Nature of the 2-Acetamido-4-arvl-5-iodo- 2-Acetamido-4-aryl-5-thiocvanato 
substituent. thiazole. thiazole. 


M.P. % Halogen. x % Sulphur. 
Found. Calc. Found. Calc. 


Phenyl! 220-22° 36.58 36.91 22.80 23-27 
p-Methoxypheny! 212° 33-38 33 95 20.60 20.98 
a-Thienyl 116° 36.10 36.30 33-95 34.20 
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STUDIES ON THE NATURE OF HUMUS AND CLAY-HUMUS COMPLEX 


By H. MuKERJEE 


The acidic character of humus is attributed to the presence of both phenolic and carboxylic 
groups. The adsorption of humus by clay suspensions has been found to be enhanced in presence 
of metal ions, and a portion of the adsorbed humus cannot be extracted by alkali. 


Humus is known to be adsorbed by clay particles, but the exact mechanism of 
this adsorption is not clearly understood. Humus is considered to be polybasic due 
to the presence of carboxylic and phenolic groups. Gillam (Soil Sci., 1944, 4, 433) 
showed that by methylating humus and thus rendering the OH groups non- 
functional, the total acidity as well as the buffer capacity of humus was reduced. To 
elucidate the structure of clay-humus complexes, Mayers (ibid., 1937, 44, 331) and 
Sideri (ibid., 1036, 42, 461 ; 1938, 46, 267) studied respectively the mixed clay-humus 
suspensions by viscometric and optical method unders the polarising microscope. These 
investigations show that as a result of adsorption, large-sized clay-humus micelles 
are formed in which the majority of the clay particles possess a fairly definite 


orientation. 
The present investigation deals with studies of the nature of humus isolated 


from a.soil and with an understanding of the clay-humus complex from several 


standpoints. 
In the experiments described below, the adsorption of the original as well as 


methylated humus by H- and Ca-clay suspensions has been studied and changes in the 
b.e.c. of the clay have been determined. 


EXPERIMENTAL 


Methylation of Humus.—Humus was extracted from a sample of black cotton 
soil from Bombay by treating 100 g. of it witha litre of o.5N-Na,CO, solution and 
then siphoning off after 48 hours the supernatant liquid containing sodium humate. 

_ Humic acid was precipitated by acidifying with HCland finally purified by electro- 
dialysis, 

Humic acid was methylated according to Gillam (loc. cit.). To about 5% suspen- 
sion of humic acid (100 c.c.) in water, taken ina vessel, 50% solution of KOH (10 c.c.) 
was added and the vessel was kept surrounded by cold water while the mixture 
was kept agitated with dropwise addition of dimethyl sulphate (20 c.c.)}. The suspen- 
sion was kept alkaline during the course of the reaction by a further addition of KOH 
(x5 c.c.), Stirring was continued for 2 hours and the flask was kept on a water-bath 
at 60° for 2 hours. After standing overnight, the suspension was poured into a large 
volume of cold water containing sufficient sulphuric acid to precipitate the me- 
thylated humus. ‘The methylated humus was then electrodialysed to remove the electro- 


lytes and to convert it into the H-form. 
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The humus contents of the original sol as well as the methylated product 

were estimated by the method of Walkley and Black (J. Agric. Sci., 1933, 25, 498) 
for the determination of the organic matter in soil. The methoxyl content was 
determined by the Micro-Zeisel method (Pregl, “Die quantitative Organische 
Microanlyse’’, 3rd Ed., 1930, pp. 198-215). 

‘The titrations of humic acid and of the methylated product were carried out 
potentiometrically using 0.1N-NaOH solution. The methylated humus did not form 
a stable suspension, and hence, after each addition of alkali, the mixture was 
vigorously stirred. Near about px 7.0, the suspension became fairly stable. The 
adsorption experiments described below had to be done with this stabilised suspension. 

The electrodialysed clay fraction ‘<o.5), isolated from a sample of Kashmir 
bentonite, was used in the experiments described below. This fraction has 
a b.e.c.= 113 m.e./100 g. and consists of montmorillonite alone. 

The adsorption was studied in the following way. Mixtures of clay sol and 
the humus suspension were taken in stoppered bottles in the desired proportions, 
then shaken in a mechanical shaker for 6 hours and kept overnight. The 
unadsorbed humus was removed by washing with water in the filter paper and the 
total washings were analysed. 

The base exchange capacity (b.e.c.) of the treated clay was determined by the 
half-saturated KCl method (Ganguli, J. Phys. Chem., 1951, 88, 1417). Slight 
antagonism which may occur in systems containing two dissimilar valency ions, e.g. in 
the titration of Ca-clay—humic acid mixtures with NaOH: has been ignored. 

To a portion of the washed clay-humus complex o.5N-Na,CO, solution (25 c.c.) was 
added, the mixture shaken for 6 hours and filtered. The residue was washed with 
water till free of humus. The amount of humus in the entire filtrate was 
determined according to Walkley and Black’s method (loc, cit.), The results are shown 
in Tables I-III. 


TABLE I 
Adsorption of humus and the methylated product by H- and Ca-clays 
System. Wt. of humic acid px of the Humic acid B.e.c. of the 
per roo g. clay. mixture. adsorbed per clay-humus 
100 g. of clay. complex (in 
m.c./100 g.). 

H-clay—humic acid 2g. 3.8 1.5 g: 94 

4 3-6 2.9 92 

8 3-4 §-1 go 

10 3-3 5-3 90 

Ca-clay —humic acid 2 6.6 1.6 10 

_4 6.4 3-2 13 

8 58 7.1 18 

10 5-5 9.0 15 

H-clay—methylated acid 2 4 80 1.30 16 

4 4-95 2.36 12 

8 4-90 3.04 12 

10 5-10 3-90 10 
“Ca-clay—methylated acid 2 7.20 1.3 
ene: 4 7-15 2.0 
8 7.2 5-2 
10 7.1 5-3 
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Tasie II 


Substance. % Carbon (with ash). Be.c.in me./roog. §Methoxyl content. 
(from inflexions). 


Humic acid 46.25 640 Nil 
Methylated humic acid 48.56 260 10.97% 


Tasie III 


Estimation of alkali-extractable humus and the methylated product. 
System. Humic acid. per 100 g. of clay. Adsorbed humic acid 
recovered. 


Added. Adsorbed. 


H-clay—humic acid 10 g. 5.3 &- 79-6% 
Ca-clay—humic acid 10 90 76.4 
H-clay—methylated humus 10 3-9 57-9 


Ca-clay—methylated humus 10 5-3 56.2 


DiscussIoOn 


The acidic behaviour of the phenolic groups present in humus is shown by 
the titration curves as well as the calculated values of b.e.c. (Table Ij). A 
considerable fallin b.e.c. occurs asa result of methylation of the phenolic groups. 


Fic. 1 Fic. 2 
Effect of KCl on the titration curves of Titraiion curves of humic acid and the 
humic & methylated humic acids. methylated product. 


200 400 400 
NaOH in of acid in m.e/00gms of ac 


The diminution of b.e.c. of the methylated product indirectly shows the contribution 
of the phenolic groups towards the b.e.c. of the original material. Unlike clay acids, 
titration in presence of KCl shows only a slight increase in b.e.c. of humus and the 
methylated product. This is probably due to a greater percentage availability of H ions 
of humus neutralisation by alkalies than that in the case of clay acids. Working with 
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humic acid sols Chatterjee and Bose (J. Coll. Sci., 1952, 1, 414) observed similar increase 
in b.e.c. in presence of neutra! salts. The increase was greater ‘about 10 and 20%) in the 
case of NaOH — NaCl and Ba(OH), — BaCl, systems studied by them, but almost negligible 
in the case of Ca(OH),—CaCl, systems. No indication is, however, obtained of the 
different inflexions due to carboxyl and phenolic hydroxyl groups. Most likely the 
degree of dissociation of these two groups in humus is not wide enough to show two 
inflexions. 


Fic, 3 


Effect of concentration of humic acid and its methylated product 
on their adsorption by H and Ca-clay. 


@-@=H-clay+Humic acid 

Ca -clay + Humic acid 
@—a=H-clay+ Methylated humic acid 
= Ca-clay + Methylated humic acid 


mg of humie acid added per 0g ¢ 


The adsorption of humus and its methylated product is increased with 
increasing concentration, and it reaches an almost limiting value. The higher 
values of adsorption of humus by the Ca-clay than the H-clay is due to the fact 
that Caions are more capable than H ions of forming strong co-ordination bonds 
with the OH and -COOH groups of humus acid and clay anion. A _ similar 
strong co-ordination has been shown in the case of interaction of Krilium (a 
poly-acrylonitrile) and Ca-clay (Mukherjee, J. Ind. Soil Sci. Soc., 1954, 2, 9¢). That 
the OH groups of humus play an important part in forming co-ordination bond is shown 
by the considerably decreased adsorption of methylated humus by Ca-clay. 

The values of the exchangeable H ions of the clay, humus complexes reveal several 
interesting ponts. The high b.e.c. of the H-clay—humus complexes is due to H ions of 
clay as weilas those of phenolic and carboxylic groups of humus. _ 


It is likely that in the Ca-clay—humus complex, most of the OH groups 
form co-ordination bonds with Caions. The bonding is so strong that the OH groups 
are no longer capable of donating the protons, and consequently Ca-clay—humus complex 
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records considerably lower values of b.e.c. For the same reason, the b.e.c. of the 
methylated H-clay—humus complex is low since in the latter the phenolic groups are 
absent, and moreover, the major proportion of the carboxylic groups must have 
already been neutralised by alkali when the methylated humus is treated with 
NaOH for stabilising its suspension. Ca-clay—methylated humus system also 
possesses no exchange acidity. In no case has the b.e.c. of the clay-humus complex 
been found to be additive. This might suggest a possible interaction of the clay with 


the humus. 


‘The data in Table III -show that a-portion of the adsorbed humus is not extract- 
able by alkali which has also been observed by Khan (Pedalogy, U.S.S.R., 1950, 673 ; 
Doklady Akad. Nauk, U.S.S.R., 1951, 81, 461). This non-extractable portion is 
greater in the case of methylated humus, and also slightly higher when Ca ions are 
present. This suggests that the COOH groups form stronger bonding than OH 
groups and metal ions are more effective in strong. bond-formation than H ions. 
Further, it is seen that there must be two types of linkage between clay and 
humus:one is a weak bonding corresponding to the alkali-extractable portion, 
and another is strong bonding corresponding to the alkali-non-extractable portion. 
Perhaps the weakly bound humus is present as a coating on the outermost surface 
of the clay micelle and strongly bound portion is held by ions present in the 
crystal lattice. 

The author’s thanks are due to Dr. S. K. Mukherjee, D. Sc., Department of 
Applied Chemistry, Calcutta University, for his guidance and providing laboratory 
facilities. 
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STUDIES ON HYDRATION AND SWELLING OF THE ORGANIC 
COMPLEXES OF MONTMORILLONITE 


By H. MUKERJEE 


The hydrophilic character of montmorillonite, as measured by hydration studies, has been 
generally found to be reduced by the introduction of organic groups in it and the resulting montmoril- 
lonitc complexes become, to a certain extent, organophilic. Krilium, water-soluble polyacrylonitrile, 
and itself, hydrophilic, is adsorbed toa considerable extent by bentonite, rendering the product more 
hydrophilic than the original clay. 

The water of hydration by clays is believed to be non-liquid in character and 
appears largely on the basal plane surfaces of the expanding lattice minerals of 
montmorillonite. This non-liquid water possesses a strong orientation by virtue of 
the dipolar character and the electrical charge on tlhe clay-mineral surface. 
Consequently, as Hendricks and Jefferson (Proc. Soil Sci. Amer. Soc., 1940, 6, 95) 
postulate, the water molecules may form a hexagonal network through extensive 
hydrogen bonding between water and clay mineral surface. 

Grim (‘‘Clay Mineralogy’, McGraw-Hill Book Company Inc., New York, 1953) 
and Hendricks (J. Amer. Chem. Soc., 1940, 62, 1457) investigated the influence of 
the saturating cation on the nature and amount of adsorbed water. 

Gieseking (Soil Sci., 1939, 47, 1) has found that the water-sorption capacity of 
clay is reduced often to zero, when they are saturated with amines, which are adsorbed 
on the basal plane surfaces of montmorillonite. 

The object of the present investigation is to show the change in the hydrophilic 
nature of bentonite by the introduction of organic radicals to the clay surface by 
means of swelling and hydration studies. 

Since it is mecessary in the assessment of the amount of adsorbed water, the 
contribution of capillary water, the amount of water in the pores of montmorillonites, 
has been measured, as usual, by using a uon-polar liquid and determining the 
intake of the latter. 


ExPERIMENTAL 


The organic complexes were prepared by treating the electrodialysed clay with 
one and a half times the weight of the organic substances, viz., gelatin, albumin, 
brucine, cetyltrimethylammonium bromide (CTAB), aniline, diethylamine, krilium 
and humus and allowing the mixture to shake for six hours in an end-to-end shaker, 
After keeping overnight, the unadsorbed portion of the organic reactant was removed 
by washing in the centrifuge. The treated clay, thus obtained, was dried under an 
infra-red lamp, powdered and sieved through 100 mesh and finally dried in a vacuum 
desiccator, 

Measurement of Hydration.—Hydration was studied by measuring the adsorption 
of water vapour by the treated clays when they were kept in close chambers 
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maintained at different vapour pressures (Puri et al., J. Agric. Sci., 1925, 15, 68 ; 
Thomas, Soil Sci., 1924, 17, 1). The constant vapour pressure chambers were made 
of large petri-dishes, thoroughly sealed on glass plate with vaseline. Small petri- 
dishes containing definite proportions of H,SO, (conc.) and water (International 
Critical Table, Voi. III, p. 303, Mcgraw-Hill Book Company Inc., New York, 1928) 
were kept inside these chambers in order to maintain the desired vapour pressures. 
Weighed quantities of the samples were spread in very small and shallow petri-dishes and 
were kept inside the constant vapour pressure chambers in order to attain equilibrium. 
After 72 hours the increase in weight was determined from which the amount of 
water vapour per roo g. of clay was calculated. Preliminary experiments showed 
that after 72 hours negligibly small amounts of water vapour were taken up. 


Measurement of Swelling..—The swelling of treated and untreated clays was 
measured according to a method recommended by Baver (‘‘Soil Physics’, John Willy 
and Sons, Inc., New York, 1946) using tolueue as the non-polar liquid. The final 
value of the intake was recorded after 4 hours in each case. The very small and 
continuous intake even after 4 hours was neglected. ‘This is perhaps admissible for a 
comparative study. The results are represented in Figs. 1 and 2 and also in Table I. 


I 


Results of swelling studies. 
Intake of liquid per g. of sample. 


Sample. Water. Toluene. Sample. Water. Tolnene 
H-clay 2.44 C.C. o.99c.c. Clay-aniline (1 : 0.25) 2.92 C. C. I.0I 
. H-clay-gelatin 1.90 0.85 Ciay-aniline (1: 1.5) 1.41 0.96 
H-clay-albumin 1.06 071 Clay-CTAB 1.22 5-94 
Clay-humus 2.42 0.97 Clay-diethylamine 1.37 1.01 
Clay-brucine 1.67 1.05 Clay-krilium (10%) 4.60 0.875 


DISCcUSSION 


Figs. 1 and 2 show very clearly that at any particular vapour pressure the 
organic clay complexes adsorb smaller amounts of water than the untreated clay. 
Each organic clay complex, however, shows a gradual increas: of adsorption as the 
vapour pressure is increased. Some of them even show an unmistakable inflexion, 
e.g., albumin, gelatin and brucine. The hydration capacity, i.e. the amount of 
water vapour adsorbed per 100 g. of the system, is lowest in case of brucine, CTAB 
diethylamine, followed by gelatin, albumin, aniline, humus, H-clay and krilium in 
increasing order. Gelatin, albumin and humus, although they themselves are 
hydrophilic, apparently render the clay less hydrophilic, possibly by mutually 
saturating the sites responsible for hydration. On the other hand, krilium-treated 
clays have higher hydration capacities than H-clay, particularly at higher proportion 
of krilium. Krilium, it may be mentioned, readily adsorbs water and possibly asa 
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result of combination with the H-clay, the capacity for hydration also decreases, as 
it is so with humus, but the decrease perhaps is too smail, 


Fic. 1 


H-olay 
H-Clay + gelatin 

@ 4° -clay +Albumin 
20 @--a-H-clay + Brucine 
0--0=H-clay + Humus 


Wottr odecrbec! per 0g 
8 


Vapour pressure in mm—— 


Fic. 2 
36 
H-clay 
22 
H-clay + die thylamine 
+-clay taniline 
W-clay + aniline (1:15) 
i“ 
aa 
16 28 36 0 
Vapour pressure in mm—~ 


The results of swelling measurements support the observations of the hydration 
studies discussed above. The small water-intake and very high toluene-intake of 
C.T.A.B.-treated clay show that the cetyl derivative has become organophilic in 
character. Except the krilium-clay complex, the others possess a lower intake than 
the original H-clay. The water intake of gelatin-treated clay is greater than that 
of albumin-treated clay, which reflects the greater swelling capacity of gelatin, compared 
to albumin. The proteins are highly adsorbed by the clays, but do not impart 
thereby any marked organophilic character to the proteinated clays. In these and 
similar cases of brucine and amine, the hydrophilic character is reduced but the 


= 


products do not become noticeably organophilic except in the case of C.T.A.B-treated 
clay which becomes highly organophilic. Clay baving adsorbed krilium, on the 
other hand, becomes highly hydrophilic as a result of the dominating influence of 
krilium itself. 

The author’s thanks are due to Dr. S. K. Mukherjee, D.Sc., Department of 
Applied Chemistry, Calcutta University, for his guidance and providing laboratory 
facilities. 
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CRITICAL CONSIDERATIONS REGARDING THE EXAMINATION 
OF COMPLEX STABILITY BY JATKAR AND MATTOO 


By J. P. Batoc anp G. 


It has been experimentally demonstrated that the potentiometric titration method of Jatkar 
and Mattoo yields reliable results only for metals of higher redox potentials. Even in such cases 
the results are fairly uncertain, and this uncertainty gradually increases proceeding toward the 
metals of the more negative redox potentials. 


When examined spectroscopically the complexes in relation to the mechanism of 
light absorption, it is important to know the number of intermediate complexes formed 
and their composition. Consequently, every method, demonstrating the formation 
of these intermediate complexes and predicting their composition, is significant. 


The formation of complexes in consecutive steps can be represented by the 


equation : 
M" + K~ = (MK) 


(MK) (n-1)+ 4+ R* = (MK,) (n-2)+ 
(MK,) + (n—2) = 


Bjerrum has established a method (‘‘Metalammine formation in aqueous solution’’, 
P, Haase and Son, Copenhagen, 1941) of calculating the stability constant of such 
complexes, while the method demonstrating the intermediate complexes has been 
worked out by Job (Ann. chim., 1928, 9, 115; Vosburgh and Cooper, J. Amer. Chem. 
Soc., 1941, 68, 437). 

Any method, including the spectroscopical one, which deals with the study 
of formation and of composition of intermediate complexes and their stability, is 
significant. In the present communication the potentiometric method of Jatkar 
and Mattoo (this Journal, 1953, 80, 502, 607, 775; 1954, 31, 200) has been thoroughly 
studied. The essential point in their method relates to the dependence of the 
formation of different complexes on the concentration of metal ion and of the complex- 
forming agent. Consequently, if a certain metal ion is potentiometrically titrated 
with a complex-forming compound in the presence of an indicator electrode, a curve is 
obtained by plotting the E.M.F. against the concentration of the complex-forming com- 
pound, exhibiting breaks or shoulders wherever a complex is formed. Thus, from the 
concentrations of the complex-forming compound and the metal ion corresponding to 
the breaks, the composition of the complex formed can be determined. 


The principle involved in the titration is based on the pa change or change in 
the oxidation potential of the solution. In the former case, where the complex-forming 
compound is a weak acid, it is assumed that in the formation of the metal complex, 
one or more of its protons can be replaced by the metal. Bearing in mind the above 
mentioned titration curve, there appears a break or shoulder when a proton is 
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released owing to complex formation. This method had been extensively employed 
by Schwarzenbach et al. (Helv. Chim. Acta, 1947, 30, 1798; 1948, 31, 331; 1045, 
28, 828), Magreth (Biochem. J., 1947, 44, 534), and Frost and Martell (J. 
Amer. Chem. Soc., 1950, 72, 3743). As to the change of oxidation potential, 
the following considerations have to be taken “into accout. Assuming that a 
metal is in equilibrium with the solution of its own ion, the equates is 


M = M + ne. 


“The oxidation: potential of the electrode can be represented by ‘the usual 


Nernst equation : 
RT 
E= E. In 
nF 
where a represents the activity of the metal ion and E is the electrode potential ; 
E., the standard oxidation potential, is the value of E when a=t. and is omens to K, 


the thermodynamic equilibrium constant by the equation © 


3, « log K. 
n 


The complex formation with the metal is followed by the decrease of activity of 
the metal ion and by the increase of the oxidation potential. It has been also 
experimentally proved that the oxidation potential of the solution is considerably 
increased in the presence of strong complex-formiug agents (Dieth, Chem. Rev., 1937, 
21, 39; Ponzio, Gazzetta, 1921, 51, 213). Recently Kleinberg (J. Chem. Ed., 1950, 
27, 32) cleared up the role of the complex formation in an unusual oxidation state 
of the metal. The above statements suggested, e.g., that greater part of the known 
compounds of ions, Ag™ and Cu™, is in the form of complexes. Further, it has been 
demonstrated that the oxidation state depends on the complex-forming agent and its 
donor group and on the replaceable H atoms, by means of which it is expedient to 
determine the composition of the complex. 


Consequently, the conclusion may be drawn that, in general, the complex formation 
causes considerable increase of the oxidation potential.. Thus, the. co-ordination 
increases \the oxidation potential with a donor group, i.e., the relative stability of the 
higher valence state. Especially it is true if the complex formation occurs with 
negatively charged donors, e.g. with anions of weak acids. 


' Jatkar and Mattoo (loc. cit.) in order to establish the composition of complexes 
_of Fe™ and phenol derivatives, considered the oxidation-reduction potential change 
as a basis, Their method is, in fact, based on Bezier’s measurements (J. chim. phys., 
1944, 41, 100) on the electrode potential of Fe" /Fe™ when the Fe** ion is in equilibrium 
with the complex-forming agent. The method of Jatkar and Mattoo (loc. cit.) involves 
the measurement of the oxidation-reduction potential of ferric ion in the presence of 
phenol derivatives of different concentrations, employing the following galvanic chain ; 


Pt*/Fe ™ solution /saturated KCl / saturated KCl-Hg,Cl,/Hg~. 
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The mv's, thus obtained, were plotted against the concentration and the shoulders of 
the curve denoted the equivalent concentrations of the phenol used for the complex forma- 
tion. In the authors’ opinion these shoulders became sharp peaks in the differential curve 
when the quotient of the differeuce in E.M.F. produced by two concentrations and 
that of the corresponding concentrations were plotted against the concentration, e.g. 
it was shown that the complexes, [Fe(OPh]** —> [Fe(OPh),]*~ between Fe™ and 


phenol were formed. 

As to the figures of Jatkar and Mattoo with reference to the potentiometric 
titration, the results are too uucertain and scattered to bring out the precise relation 
of the metal ion and of the complex-forming agent without assuming the possible 


structure of the complexes. 

Although no mention was made as to the reproducibility of their results, the 
control tests, carried out in this laboratory, proved the contrary. The reason for 
this is that aqueous solution of FeC!], has been employed whereiu, especially in excess 
of acid, chloro-complexes of different composition, for example binuclear Fe,Cl,, 
appear (Muthmann and Nage, Ber., 18098, 31, 2010), which has been proved to be 


(Palmer and Elliot, J. Amer. Chem. Soc., 1938, 60, 1852 ; Gerding 


analogous to Al,Cl, 
In addition to these complexes, a 


and Smit, Z. physikal. Chem., 1941, 50B, 171). 
complex anion of FeCl,*~ in hydrochioric acid solution is produced where the halogen 
atoms are gradually exchanged for water molecules (Schwarz and Mayer, Z. anorg. 
Chem., 1927, 166, 190). 

Consequently, the authors felt it necessary, in crder to eliminate such disturbing 
effects, to employ perchlorate solution on the basis of the investigations of Jander 
et al. (Kolloid-Beih., 1936, 48, 337) owing to the negligible complex-forming effect 
of perchlorate ion (Fromherz and Lih, Z. physikal. Chem., 1931, 153A, 321). 
Besides the above mentioned facts, a whole series of oxihydrate may be produced in 
consequence of which the potential changes with time. As it has been stated 
by Bray and Hershey (J. Amer. Chem. Soc., 1934, 56, 1889), the hydrolytic reactions 
have disturbing effect on the redox potential even if equilibrium occurs. 

However, another condition that had not been taken into account by Jatkar and 
Mattoo is that the concentration of the reduced substance should not be too low, 
relative to that of the oxidised substance (Sherrill and Haas, ibid., 1936, 58, 952). 
The measurements of the redox potential, so far carried out, suggest the extreme 
importance of this fact with the redox-system of T1*—TI°* (Popoff and Kunz, ibid. ; 
1929, 51, 382), Hg*—Hg** (Popoff et al., ibid., 1931, 58, 1195) and Fe**—Fe** 
(Schumb and Sweetzer, ibid., 1935, 57, 871). The present authors, at any rate, 
started from pure Fe** solution, although it is known that reduction occurs in 
consequence of the effect of light, especially of U.V. rays (Kiss A, M.T.A. 
kézleményei, 6, 37 ; Rabinovitsch and Stockmayer, J. Amer. Chem. Soc., 1942, 64, 
234), as follows: Fe**. H,O+hv = Fe?*.H,O*. As demonstrated by Weiss and Porret 


(Nature, 1937, 189, 1019) in the case of ceric ions, the concentration of reduced 
substance produced under common conditions owing to the effect of visible light 


may be considerably low. 
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Cu**, Anion. Cu: anion. 
With H 
0.009615 ¢.c. 0.003846 c.c, 5:3 
0.008547 0 01453 2:3 
0.007634 0.02366 | 
0.007092 0.02908 
0.005988 0 04012 2:13 
With sulphanilic acid. 
0.008511 0 001490 II: 2 
0.007843 0.002156 7:3 
0.007220 0.002780 5:2 
0.006667 0.003333 2:1 
0.006192 0.003808 3:2 
0.005525 0.004476 
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TaBLe I 
Cu**, Anion. 
With citric acid. 
0.009756 C.c. 0.002439 C.Cc. 
0.007782 0.02218 
0.007017 0.02982 
0.006473 0.03527 
0.005682 0.04318 
With HNO;. 
0 008368 0.01632 
0.006969 0.03031 
0.006557 0.03443 
0.005634 0.04366 
With H;BO,. 
0.002343 0.001961 
0.002183 0.008676 
0.002061 0.013790 


Cu: anion. 


art wn 


I:4 
2:13 


The following complex composition, as represented in Figs. 1-5, were evaluated from 


the data represented in Table I. 


Fic. 


I 


The experimental data prove that the real composition 


ss 20 


o.or M -Cu ‘C104)2/0.1 M-H3PQ,. 


of the single intermediary complexes cannot be obtained and the evaluation is uncertain. 
That is to say, all the difficulties rendering uncertain the measurement in case of 
Fe** ion were also felt by us. 


Moreover, the pu change of the solution exerts partly 
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an influence on the potential beside the oxidation process proper. This might be 
eliminated by using the proper metal electrodes. This, however, would limit the 


Fic. 2 


— mV 


* 


40 20 at 


0,01 M-Cu (ClO4)2/0 01 M-sulfanilic acid. 
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Fic. 3 
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0.01 M-Cu (C10,4)2/0.01 M-citric acid. 


area of utilisation, as every metal does not yield a well-defined potential between 
the metal and the solution due tothe slight oxidisability of the surface of the metal. 

Comparing our data, measured for Cu** ion, with those of Jatkar and Mattoo, 
made with Fe** ion, the following interesting conclusion can be drawn. The data 
referring to titration curve of Cu’* are more uncertain and are more scattered than 
those referring to Fe** ion. Comparing the redox potentials of the ions [/Pt)Cu**/Cu*.; 
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+ 0.159°; {Pt )Fe** / Fe**: + 0.783 ; Kortum and Bockris, ‘Textbook of. 
Electrochemistry’, 1951, New York, p. 262], it becomes evident that the value of 
Cu**/Cu* system is less than that of Fe**/Fe?* system, leading to the conclusion that 
the more positive the redox potential, the more reliable are the data. 


Fic. 4 


M-Cu (ClO4)g/0.1 M-H NOx. 

Fic. 5 
350 4 


0.01 M-Cu (ClO4)2/0.1 M-H3BO3. 


EXPERIMENTAL 
As used by Jatkar and Mattoo (loc. cit.), a 25 c.c. burette, a 200 c.c. titrating vessel 
and a galvanic chain were used for the titration. To measure the mv change the 
Hartmann and Braun ‘‘Pehavi’® compensator was employed. In every case the 
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following method was carried out: ‘The solution (20 c.c.)} containing metal ion. was 
pipetted into the titrating vessel and stirred with a glass rod at soo r.p.m. for 15 
minutes and the starting potential was read. The titrating .acid was then added in 
portions of 0.25 cc., and one minute after each addition the mv value was read. The 
one minute interval was essential as it was noticed that the potential change occurred 
also without titration (23 mv in 2 hours) due to the above mentioned reasons, 
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A NOTE ON THE HYDROGEN-ION CONCENTRATION AND 
ABSORPTION OF NICKEL ACETYLACETONE 


By S. C. TRIPATHI AND SATYA PRAKASH 


It was observed that the divalent nickel formed a complex with the enolic form of 
acetylacetone. McKenzie etal. (J. Proc. Roy. Soc., 1944, 78, 70) using the magnetic 
criterion for indicating covalent bonding of Ni, found that the ionic chelate had absorp- 
tion spectra similar to those of chelating agents, but that the absorption spectra for 
the covalently bonded chelates contained strong absorption bands characteristic of the 
chelate and hence, of the metal donor bond. 

In the present note, our results on potentiometric and colorimetric titrations of the 
nickel chelates at various concentrations are recorded. 

To a known volume of nickel nitrate solution (0.1508M), different concentrations 
of acetylacetone were added. The mixtures were allowed to stand for a few hours 
to attain equilibrium, To a known volume of this mixture were added varying con- 


Fic. 1 


Alkali (NaOH in c.c.). 
Curves I-III refer respectively to 0.1538 M Ni with (1) 0.4m M, (2) 0.5m M, (3) 06m M- 
acetyl acetone against alkali. Curves IV and V refer respectively to 0.1538 M-Ni 
and o.5mM acetyl acetone against alkali. 
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centrations of standard caustic soda solution, keeping the total volume constant. 
These sets were left over for nearly 24 hours and they were studied for their absorption 
and H*-ion concentration. The results are graphically represented in Figs 1 and 2. 

It will be seen from the graph of the potentiometric titration that as the concen- 
tration of caustic soda is increased, there is a steady rise in the Pa up to 8.0 (Fig. 1). 
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The results ‘of absorption 


any further increase in absorption. 
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Curves I-III refer respectively to 0.1-53 M Ni + (1) 0.4, (2) 0.5, (3) 0.6mM acetyl acetone 
against pz and curve IV to 0.1538 M -Ni against pa. 


indicate that at about fx 8.25, the complex 


formation is complete, and therefore subsequent addition of caustic soda does not show 


At about ps 12 the complex breaks and precipita- 


tion occurs and the absurption again rapidly falls. 


Received April 7, 1956. 
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A NOTE ON THE CATALYTIC DECOMPOSITION OF NITROUS ACID 
By M. A. Azm AnD S. D. SARAF 


Lungue (Z. angew. Chem., 1902, 15, 1) showed that aqueous solution of 
nitrous acid slowly passed into nitric acid and that different powders like sand, gypsum 
and charcoal accelerated the decomposition. 


According to Taylor and co-workers (J. Chem. Soc., 1927, 1882) the decomposition 
is at first rapid and and it subsequently slows down. It has also been shown that if 
nitrous acid is mixed with sodium sulphate under a layer of liquid paraffin, the decom- 
position is considerably retarded. Dhar (Z. Elektrochem., 1911, 3, 255) showed that 
the decomposition of nitrous acid into nitric acid and nitric oxide was retarded by mild 
reducing agents and accelerated by the oxidising agents. All these workers have 
studied the catalytic decomposition of this acid by estimating it volumetrically (Valey, 
J. Chem. Soc., 1917, 111, 413). 


In the present investigation the catalytic decomposition has been followed by 
colorimetric analysis which is considered to be far more sensitive than volumetric 
methods. Nitrous acid, prepared by the action of dilute hydrochloric acid on silver 
nitrite along with 1g. of catalyst, was allowed to attain the temperature of the experi- 
ment. After regular ivtervals of time a known volume of the nitrous acid solution 
was withdrawn and estimated colorimetrically by Griess Ilosova’s reagent (sulphanilic 
acid and %-naphthylamine). 


TABLE I 


Percentage of decomposition, 


Catalyst. 

Time. None. Am. persulph. Phthalic Pot. oxalate. Liq. paraffin. | Molybdic 

anhydride. acid. 
o hr. ° ° ° 
0.5 14.8 27.3 oon 
1.0 273 48.5 15.3 4.6 
2.0 45-5 75.8 27.3 3-10 8.0 ove 
4.0 69.4 97.0 50.0 6.10 ot 1.5 
7.5 88.70 wee 
8.0 78.8 10.60 20.50 
24 27.30 43-2 10.7 
48 42.50 68.2 18.2 
60 ove 97°3 
80 - 89.8 one 
120 59-10 37-9 
240 oe 60.7 
384 92-50 80.3 
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It has been observed by the authors that ammonium persulphate acts as a positive 
catalyst whereas phthalic anhydrice, potassium oxalate, molybdic acid and liquid paraffin 
act as negative catalysts. The qualitative differences in the behaviour of these calalysts 
are indicated in the table. 

In case of salts like potassium nitrate and sodium sulphate, it has been observed 
that they have got no catalytic effect. 


DEPARTMENT OF CHEMISTRY, 
Govt. . Received January 24, 1956. 
W. PaKIsTan, 


wo 


ac 


BYR ory 


D. 
P. | 
B. | 
J. K 
P. ¢ 
B. } 
j.c 


( who have filled the office of President ) 


N. R. Dwar, D.Sc., Dr.gs.Sc., F.R.I.C., F.N.I.| J- MokHeERjex, 


B. B. Day, D.Sc., F.R.1.C., F.N.I. 
Sir J. C. Gross, Kt., D.Sc., F.N.I, 
P. C. Guna, D.S8c., F.N.1. 


U.P. Basv, D.Sc., F.N.I. 


B. Sanjtva Rao, D.Sc., Pa.D., F.N.I. 


HONY. SECRETARY : 
S. K. Moxuerjae, D.Sc. 


PRESIDENT : 
B. C. Guna, D.Sc., Pu.D., F.N.I. 


VICE-PRESIDENTS : 


Mata Prasap, D.Sc., F.R.I. 
J. N. Ray, O.B.E.. D.Sc., F. 
P. RAy, M.A., F.N.I. 

_B. K. Sines, Sc.D., F.R.I.C. 


VICE-PRESIDENTS : 
K. VENKATARAMAN, D.Sc., Pa.D., F.R.1.C., 


F.N.1, 
D. B. Limayve, M.Sc., 
President of Poona Branch (ex-officio) 


HONY. TREASURER : 
B. N. Guosa, D.Sc., F.N.I. 


MEMBERS OF THE COUNCIL: 


D. K. BANERJEE, D.Sc. 

P. K Boss, tc, F.N.I. 

D. CHaKravart, !) Sc., F N.I. 
Mrs. CHATTERJEE, D.Sc. 
B. CHATTERJEE, D.Sc. 


A. C. Cuatrern, D.Sc., Dr. Inc., F.N.I. 


H. N. Das Gupta, D Sc. 
R. D. Desar, D.Sc., 
S. S. Josu1, D.5c., F.R.LC., F.N.I, 
M. N. Goswami, M.A., Dr.En.Cu. 


F.R.1.C., F.N.I. 


T. N. Guosn, D.Sc., F.N.I. 

J. Gupta, D Sc. 

A N Kappanna, D Sc, F.N.I, 
R. P. Mirra, D.Sc. F.N.I. 

S. M. D.Sc., Ph.D. 
P. V. Natk, M.oc. 

A. B. Sen, M Sc. Pa-D. 


V. SuBRAHMANYAN, So., F.R.I.C , F.N.I, 
L. M. YEDDANAPALLI, M.A., Ph.D., D. a., 
I.C, 


S. H. Zanger, M.A., Px.D. 
HONY,. EDITORS : 


S. R. Part, D.Sc., F.R.LC., F.N.I. 
R. C. Suan, D.Sc., F.N.I. 


BOARD OF ASSOCIATE EDITORS : 


K. Banerjee, D.Sc. 
K. Boss, D.Sc., F.N.I. 
CHATTERJEE, D. Sc. 


D 
P. 
B. 
J. 
P. C. Dura, D. Sc. 

B.N. Guosk, D Se..F.N.I. 
J. C. Guosu, D.Sc., F.N.I. 


. B. 


Asst. SECRETARY: 
B. C. Roy, M.Sc. 


K. CHowpuoury, M.Sc., Pu.D., F.N.I. 


A. N. Kappanna, D.Sc., F.N.I, 

S. K. D.Sc. 

B. C. Guna, D.Sc , Px.D., F.N.I. 

P. Ray. M.A., F.N.I. 

T. R. SesHapri, M.A., Px.D., F.N.I. 

P. B. Sarxar, Dr.gs. Sc., F.N.I. 

K. Vengataraman, D.So., Pu.D., F.N.1, 


HONY. AUDITORS : 


M.A., B.Sc., A.C.A.R.A. 
Gupta, B.Sc., L.L.B.,A-C.A.R.A. 


Asst. Epitor: 
G, Bangrjez, M.Sc. 


C.B E., D.Sc., 
F.A.S.B., F.N.I, 
F.N.I, 
-LC., F.N.I. 
» F.N.I. 
| 
Vv 


GHARPURE® CO. 


P36, ROYAL EXCHANGE PLACE 
EXTENSION* CALCUTTA4 
GRAM: MEENAMO PHONE: 22-2061 


MADE IN INDIA 


HIGH VACUUM ROTARY PUMP 


Single Stage & Two Stage 
Suitable for Laboratory use and 


similar in performance to those made 


Germany, England & U. 


All Indian Materials 


and Censtructions. 


BASIC & SYNTHETIC CHEMICALS PRIVATE LTD 
P. O. Jadavpur College, Calcutia-32 


PLANTS 
HEATING 


IN 


LABORATORY 
INDUSTRY 
KITCHEN 


GANSONS 
PRIVATE LIMITED. 


P.O.B. 5576, BOMBAY-14. 
——-Also makers of—— 
Superior Laboratory Fittings 

Atomic Equipments. 


FOR 


GAS PLANTS 
* WOODEN FURNITURE 
for Homes, Offices & 


LABORATORIES 


* SCIENTIFIC APPARATUS & INSTRUMENTS 


MANSFIELD OIL GAS CO., LTD., 


16, Radhanath Chowdhury Road, Caleutta-15. 
801, Linghi Chetty Street, Madras-1. 
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Reagents for 
Complexometry 


Quality of Reagents 
acc, to State Standard, 
English Edition, 1955. 


For Information 


Please Apply to the 
Representative : 


BHAKTA KINI & Co., 


202, Girgaum Road. 
BOMBAY-4. 


PRAHA, CZECHOSLOVAKIA 
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FOR RAPID & ACCURATE CHEMICAL ANALYSIS - 
USE 
(INSLEY POLAROGRAPH 


WITH DERIVATIVE CIRCUIT 
Here are some advantages : 


* MIORO ANALYSIS 
* HIGH SENSITIVITY 
* QUALITATIVE AND QUANTITATIVE ESTIMATION 
* SIMULTANEOUS ESTIMATION OF SEVERAL CONSTI- 
TUENTS ON ONE POLARUGRAM 
* ADAPTABILITY : ANALYSIS OF METALS, ORGANIC & 
INORGANIC SUBSTANCES ON THE SAME SAMPLE 
* REPEATED ANALYSIS 
* SIMPLIFIED OPERATION FOR USE BY SEMI-SKILLED 
STAFF 
ROUTINE ANALYSIS WITH SPEED AND ACCURACY. 


For Further particulars, please contact Sole Agents in India 


PIONEER INDUSTRIES 


20, British Indian Street, 21, Forbes Street, 193, Mount Road, 
CALCUTTA-1. BOMBAY-r. MADRAS-2. 
The 1000A Oscillator and Null Detector 
FOR 


Conductivity Measurement 


This instrument combines in one unit, oscillator, amplifier and phase-sensitive detector 
with self contained power supply for low frequency Bridge measurement. Independent balance 
of reactive and resistive components. 


Specifications :— Oscillator frequency 100 p. s. 
Oscillator output 1 watt. approx. 
| Distortion less than 3% 
Sensitivity better than 20 micro-volts. 


Indication in panel meter as well as by head phones with terminals for operating 
pen recorders. ‘Bere 


Low frequency oscillators. 3 spot frequency of 500 cps., 1000 cpsand 
z000 cps. for bridge measurement and other Laboratory work. 


EMISSION RADIO & VARIETIES. 


Manufucturers of : ELECTRONIC APPLIANCES 
120, LOWER CIRCULAR ROAD, CALCUTTA-14. 
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For Laboratory Reagent Quality Acids 


To Precise Specifications 
Maximum Limits Acid Sulphuric Acid Nitric Acid Hydrochloric 
of Impurities: H,SO,:908% w/w HNO;:60.8% w/w HC1:35.390% w/w 


Sp. gr. 1.840 at 15°. Sp.gr. 1.420 at 15°. Sp. gr. 1.8 at 15°. 


Non-Volatile Matter : 0.0025 % 0.001 % 0.0015 % 
Chloride (C1) : 0.0003 % 0.0001 % _ 
Free Chlorine (Cl) : 9.0002 % 
(NOs) > 0.00602 % - 
lodate (10,) : 0.0005 % 
Sulphate (SO,) : _ 0.0003 % 0.0003 % 
Heavy Metals (Pb): 0.0002 % 0.0002 % 0.0002 % 
Iron (Fe): 0 0001 % 0.0001 % 0.0001 % 
Arsenic (As,O,) : 0.00001 % 0.05 part 0.04 part 
per million per million 
Ammonia (NH;) : 0.0005 % - “an 
Oxygen Absorbed 1.0001 % 
* We invite orders and enquiries. 
Write us about your requirements 
for other reagent quality chemicals. 


E. Bengal Chemical & Pharmaceutical Works, Ld. 
CALCUTTA :: BOMBAY :: KANPUR 
Office: 6, Ganesh Chunder Avenue, Calcutta-13 
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SPECIALLY MADE 


Apparatuses 
Fer 


* BOILING POINT TEST 
* FREEZING POINT TEST. 
* ARSENIC TEST. 


B. P. (1953) Standard. 


l'lease Enquire to 


SCIENTIFIC GLASS APPARATUS MFG. CO. 


11/2 Harinath Dey Road, Calcutta-9 
Phone : East 4411. Gratin : Sigan:ko, 


B O R O S j & Grams: ‘LABFURNISH’ Phone : 62761 
LABORATORY FURNISHERS 
LABORATORY GLASSWARE Dhun Mansion, Vincent Road, Dadar, 
BOMBAY.14. 
such as ad 
AVAILABLE EX-STOCK 
FLASKS, BEAKERBS, CONDENSERS, MEASURING 
FLASKS, MEASURING CYLINDERS, PIPETTES 
AXY SPECIAL APPARATUS MADE TO DESIGN GLASS JOINT ASSEMBLIES 
and ‘CAMBRIDGE’ fx METERS: Rench Pat., Por- 
tabie Pat. & Direct Reading Model. & Alltypes of 
PENICILLIN VIALS, VACCINE BULBS- WHITE Flectrodes 
& AMBER CAMBRIDGE DIAL THERMOMETERS 
** SARTORIUS—BALANCES ** 
ALL OTHER APPARATUS & EQUIPMENT MEMMERT GERMAN ELECTRIC OVENS, 
SERMAN ELECTRIC STIRRERS, RO 
MANUFACTURED TO CLIENT'S DESIGN FIX ELECTRIC CENTRIFUGES, AEROGEN 


PETROL GAS PLANT, ORSATS GAS ANALYSIS 
APPARATUS Etc. 


INDUSTRIAL & ENGINEERING GERMAN TEMPERATURE INDICATORS. 
APPARATUS CO. PRI\ATELTD. | 
CHOTANI ESTATES, PROCTOR ROAD Branch Office: Motilal Mansion, 
GRANT ROAD, BOMBAY 7. Kapasia Pazar, Ahmedbad 2. 
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BARNSTEAD PORTABLE 
WATER BATH 


Designed to save your Lime and labour whether you are operating a research, 
industrial or educational laboratory. The exclusive bottle feed-which 

makes the bath potable - autoinatically supplies the make-up water as needed, 
One filling of the bottle will operate the bath for more than 10 hours on low 
heat or from 4 to 5 hours on high heat. 


* EXCLUSIVE FEATURES * 


* Completely Portable * 14-Tube Holder in Center 

* Bottle Feed or Hose Connection _ * Polished Monel Exterior 

* Inside Shelf for Flasks * Built-in Switches and Pilot Light 
* Six Outside Openings | * Thermostatic Control ‘optional) 


etc. 


SOLE IMPORTERS 


THE SCIENTIFIC INSTRUMENT Co. Ltd. 


J ALLAHABAD, BOMBAY, CALCUTTA, MADRAS, NEW DELHI. 


XI 


F t ; A 
~ 
= 


J.1.C. S., Octo., 1956. 


HELVETICA CHIMICA ACTA 


The HELVETICA CHIMiCA ACTA, founded in 1918, publishes in one 
of the three national languages the principal results of research work in pure 
chemistry carried out in Switzerland. The HELVETICA CHIMICA ACTA 
are property of the Swiss Chemical Society. Annually 7-8 numbers are 


published which members receive without charge. 


All correspondence concerning membership of the Swiss Chemical Society 
or subscriptions for the HELVETICA CHIMICA ACTA should be addressed 


SWISS CHEMICAL SOCIETY, BASLE 7. 


The competent chemist always prefers the 
METTLER-ANALYTICAL BALANCE 
Maps IN SWITZERLAND 
With the following advantages :— 
-Automatic operaticn ofthe weights up to 200 

Grams. 
-Large optical scale of 115 Mgs. 
-Constant loading of the beam giving highest 


precision throughout the complete range 


-Reading of the weights on one single scale. 


Sole Agents :— 


RAJ-DER-KAR & Co. 


COMMISSARIAT BUILDING 


Weight = 123.; 306 grams. 


HORNBY ROAD, -EXACTI-QUICK-SURE-SIMPLE. 
FORT BOMBAY. -Service facilities a‘ ailable at 
BOMBAY, MADRAS & CALCUTTA. - 
Telephone, 27304. Telegram : “Techlab’ Ask for offers and detail literature. 
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WHAT’S NEW IN “QUICKFIT” ? 


“QUICKFIT’ CIRCULATORY CYCLONE EVAPORATOR 


1, A use‘ul steam heated laboratory evaporator giving ra; id circulations at a ccmpacatively smail volume of 


500 ml, 
2, Splendid for the recovery of ioflammatie solvents of quick evaporation under vacuum of heat sensitive 
_ 8 The embodiment of a cyclone prevents entrainment of liqu'ds or so'ids in the vapour phase. 


4, A tap adapter fitted at the foot enables the evaporator to be fed continuously with stock whilst under vacpun. 


AVAILABLE FOR QUICK DELIVERY 


ACCREDITED DISTRIBUTORS : 


UNION SCIENTIFIC SYNDICATE 


DEYKARAN MANSION, 71, PRINCESS STREET — 


BOMBAY 2 
Tel : 28465 Gram : ‘PETROLIUM’ 


SP/UNI./3 


| 
— 
( | 
| 


J.1L.C.S, Octo., 1956 


Amino acetic acid 
(glycine) 
mmonia water 

Anhydrous liquid 
ammonia 

Benzol/benzene 

Copperoxychloride 56/58 

Ether, technical and pure 

Hydrochloric acid, 
technically and 
chemically pure 

Koneprox (copperoxy- 
chloride-fungicide) 

Manganese dioxyde 

Manganese ore 

Monochloro acetic acid 

Nitric acid 53% and 60% 

‘Nitrilo tri acetic acid 


63 Mauritskade 
Amsterdam - Holland 
Postbox 4038 
Telephone 54322 
Telegrams: Chemicals 
Telex 12270 
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Phone— 34-3176. Telegrams—Nadiachem!, 


NADIA CHEMICAL WORKS PRIVATE LTD. 
C 44, 45 & 46, COLLEGE STREET MARKET, CALCUTTA 


Manufacturers of :— 


1. CHEMICAL S—Benzene, Toluene, &c., Bromine, 
Halogen derivatives of both Organic and Inorganic 
compounds and other fine Laboratory Chemicals. 


2. STILLS for distilling Essential Oils, Alcohols, 


Water, etc. 


RECTIFIERS, CONDENSERS, &c. 


3. OVENS, Baths &c for Gas, Oil or Electric heatings. 


4. Scientific Apparatus (PHYSICAL, CHEMICAL, 
BIOLOGICAL, &c.) of both Glass and Metal. 


5. MICRO-ANALYSIS APPARATUS. 


Please ask for Estimates. 
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Into the complexity of modern life goes 


a large number of chemicals—drugs 
for better health in man and animal, 
aids to plant welfare, processing 
materials for the photographer. 

From London to Vancouver, from 
Iceland to the Falkland Islands, 
the May & Baker organization, 
with resources built up over 
a century of chemical- 
manufacturing experience, 
is geared to present-day 
needs. 


M&B 


MAY & BAKER LTD 


MANUPACTURERS OF: : 

M&B BRAND AGRICULTURAL, AROMATIC, HORTICULTURAL, INDUSTRIAL, 

LAPORATORY, MEDICAL, PHARMACEUTICAL, PHOTOGRAPHIC, PLASTIC, 
POULTRY AND VETERINARY PRODUCTS. 


Distributed by, 
MAY & BAKER (INDIA) PRIVATE LTD 


BOMBAY - CALCUTTA - GAUHATI +: MADRAS - NEW DELHI 
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Laboratory Chemicals § Reagents 


_ of a wide range are manufactured by us under expert 
supervision to ensure guaranteed standard & reliability. 


A selection from our range : 


Acetone . 

Acid Acetic glacial 99-100% 

Alcohol Amyl 

Alcohol Methyl 

Barium Carbonate 

Barium Chloride : THE CALCUTTA 
Benedicts’ Solution CHEMICAL CO., LTD. 
Benzene HEAD OFFICE: 35, Panditia Road, 
Carbon Tetrachloride BRANCH AT: 
Lead Acetate Delhi, Madras, Bombay, Bangalore, 


.. Wizag., Nagpur, Jamshed 
Liquor Ammon Fort (24/27%) Ranchi, 


Magnesium Sulphate XL Siliguri. 


40 YEAR | 


Regtd, No. C1878 


Ex: M/S BELLINGHAM & STANLEY LTD., ENGLAND: 


PULFRICH (CRITICAL ANGLE) REFRACTOMETER 
IMPROVED TYPE 


This instrument has recently been redesigned and 
incorporates the results of modern research on the 


subject. 


Refractive index measuremeats can be made from 
1.3 to 1.85 and if equipped with the special 
cellthe ramge can be extended to 1.25-1.95 


Accuracy 0.00002 


All necessary accessories including different sour. = 


ces of light are available for advanced measure- 


ments with this instrument. 


PULFRICH REFRACTOMETER. 
OTHER INSTRUMENTS 


Abbe, pocket, sugar & Oil (Butter), immersion, pan and pipeline, — 
pubiedtigh and interference refractometers, polarimeters and 


saccharimeters ; epectrometers ; spectrographs ; Interferometers etc., 
SOLE AGENTS IN INDIA: | 


‘TOSHNIWAL BROTHERS PRIVATE LTD. 


198, Jamshedji Tata Road, 
FORT, BOMBAY-.-1. 


Delhi Office : Madras Office : 
3/7, Mutiny Memorial Road, 9, Blackers Road, gz 
NEW DELHI-1. MADRAS.32. 


Printed by Sri Sibendranath Kanjilal, Superintendent, Calcutta University Press., 48, Hazra Road., Ballygunge, 7 
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